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Abstract

Purpose To investigate the frequency of tandem lumbar
and cervical intervertebral disc degeneration in asymp-
tomatic subjects.

Methods We evaluated magnetic resonance imaging
(MRI) results from 94 volunteers (48 men and 46 women;
mean age 48 years) for age-related intervertebral disc
degeneration in the lumbar and cervical spine.

Results  MRI indicated degenerative changes in the lum-
bar spine in 79 subjects (84 %), with decreased disc signal
intensity in 74.5 %, posterior disc protrusion in 78.7 %,
anterior compression of the dura in 81.9 %, disc space
narrowing in 21.3 %, and spinal canal stenosis in 12.8 %.
These findings were more common in older subjects at
caudal levels. MRI showed degenerative changes in both
the lumbar and cervical spine in 78.7 % of the volunteers.
Conclusions Degenerative findings in both the lumbar
and cervical spine, suggesting tandem disc degeneration,
was common in asymptomatic subjects. These results
provide normative data for evaluating patients with
degenerative lumbar and cervical disc diseases.
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Introduction

Ageing affects intervertebral discs throughout the entire
spine, as shown by epidemiologic, cadaveric, and radio-
logic studies [1-9]. Age-related degenerative changes have
been extensively studied in lumbar and cervical spine
radiographs and magnetic resonance imaging (MRI) scans
from asymptomatic subjects, and data from these studies
are used as referable norms for diagnosing and treating
patients with spinal disorders. In the first MRI study of
degenerative lumbar spine changes in asymptomatic,
healthy volunteers, Boden et al. [1] found degenerative
changes in about one-third of the subjects. Jensen et al. [2]
also found herniated lumbar discs in 28 % of the MR
images from 98 healthy subjects.

In cervical spine radiographs from 200 asymptomatic
subjects aged 60—65 years, Gore et al. [3] found degener-
ative changes at one or more intervertebral levels in 95 % of
the males and 70 % of the females. Boden et al. [4], using
cervical spine MRI from asymptomatic subjects, found
degenerative changes in 14 % of those under 40 years old
and 28 % of those aged 40 years or older. In a previous
study of cervical spine MRI from 497 asymptomatic vol-
unteers, we found that degenerative changes in cervical
intervertebral discs were more frequent in older populations
[5]. In a 10-year follow-up study of 223 of the original
cohort of 497 volunteers, we found that degenerative
changes had progressed in 84.7 % of the subjects [10].

Tandem degenerative lumbar and cervical spine changes
have been noted in clinical, anatomical, and genetic studies
[11-16]. After evaluating lumbar and cervical spine MR
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images from 174 monozygotic and 154 dizygotic twins,
Sambrook et al. [15] reported that a heritability of inter-
vertebral disc degeneration was 74 % at the lumbar spine
and 73 % at the cervical spine, and concluded that genetic
factors had a greater influence than environmental factors
in these cases. Master et al. [14] found degenerative
changes in both the lumbar and cervical spine in 80 % of
234 cadaveric specimens studied, with more severe
degeneration in the lumbar spine.

To date, most studies using healthy subjects have
focused on either the lumbar or the cervical spine, rather
than on tandem age-related lumbar and cervical disc
degeneration. A better understanding of how disc degen-
eration in the lumbar spine relates to that in the cervical
spine in healthy subjects may provide valuable control data
when treating patients with tandem degenerative lumbar
and cervical spinal disorders. In this study, therefore, we
investigated factors associated with age-related changes in
the lumbar spine, as well as the frequency of tandem
lumbar and cervical intervertebral disc degeneration in
asymptomatic subjects.

Materials and methods

This study was approved by each participating facility’s
institutional review board. This was a follow-up to a study in
which 497 originally asymptomatic volunteers underwent
MRI of the cervical spine between 1993 and 1996 [5]; of
these, 223 underwent MRI again 10 years later [10, 16-18].
In the present study, 129 of the original participants gave
written consent after the details of the study protocol were
explained and underwent follow-up MRI of both the lumbar
and cervical spine. Participants completed a questionnaire
about any clinical symptoms related to the cervical spine
(such as neck or back pain) and about their daily habits,
including smoking (smoking daily for more than 10 years),
sports (regular participation in a sports activity at least once a
week), and occupation. After completing the questionnaire,
35 subjects who reported neck, shoulder, or back pain were
excluded, and 94 subjects without neck or back pain (48 men,
46 women; mean age 48.0 = 13.4 years) were included in
the final analysis.

MRI protocol

The protocol for cervical spine MRI in this study was as
previously reported [10, 16, 17]. For lumbar spine MRI,
T2-weighted sagittal images were obtained with a 1.5 T
superconducting imager (Signa Excite HD 1.5 T, General
Electronic, WI, USA) using a fast-recovery fast spin-echo
protocol as follows: repetition time (TR)/echo time (TE)
2,500/105; echo train length, 20; thickness of slice, 4 mm;
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slice gap, 1 mm; field of view (FOV), 30 cm; matrix size,
320 x 224; number of excitations (NEX), 2. Due to time and
cost constraints, no other images were taken for the lumbar
area.

MRI evaluation

Lumbar (L1-2 to L5-S1) and cervical (C2-3 to C7-T1)
spine MR images were evaluated for five indicators of
intervertebral disc degeneration: (1) Decrease in signal
intensity of intervertebral disc (decreased disc signal
intensity), (2) posterior disc protrusion in the sagittal
images, (3) anterior compression of the dura, (4) disc space
narrowing, and (5) spinal canal stenosis.

Images were assessed as previously described for the
cervical spine [10, 16, 17]; the lumbar spine was assessed
using the same system with some modifications. Each type
of MR finding was assigned a rating scale of two or four
grades (Table 1). The magnitude of posterior disc protru-
sion and anterior dural sac compression was assessed by
spinal cord compression in the cervical spine, and by dural
sac compression in the lumbar spine. The presence of
spinal canal stenosis in the lumbar spine was determined by
simultaneous anterior and posterior compression of the dura,
and in the cervical spine by grade 2 anterior compression of
the dura along with posterior dural compression.

An experienced neuroradiologist conducted a blinded
reading of all the lumbar spine MR images. As image
grading in previous studies, conducted by the same neu-
roradiologist and using the same grading system in the
cervical and thoracic spine [16, 17], had good inter-
observer reliability, we did not investigate inter-observer
reliability in the present study.

MRI degenerative findings and associated factors

Using logistic regression analysis, we investigated poten-
tial associations between degenerative MRI findings in the
lumbar spine and the following factors: age (less than
40 years or 40 or older), gender, smoking habits, sports
activities (none, or one or more times per week), body mass
index (BMI) (less than 25.0 or 25.0 and above), and the
presence of degenerative MRI findings in the cervical
spine. Most participants were white-collar workers, so
occupation was not included among potential factors.

Statistical analyses

Statistical analysis was conducted by McNemar’s test and
by logistic regression analysis. A p value <0.05 was con-
sidered statistically significant. All statistical analyses were
performed using IBM SPSS Statistics 20 for Windows
(IBM Japan Inc., Tokyo).
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Table 1 Grading system of MRI

Decrease in signal intensity of
intervertebral disc
2: No signal

Posterior disc protrusion 0: No protrusion

0: As bright as or slightly less bright than cerebrospinal fluid
1: Markedly darker than cerebrospinal fluid

1: Disc material protruding beyond the posterior margin of the vertebral body without cord compression
(less than one-third of dural sac)

Anterior compression of dura and : No compression

spinal cord

Disc space narrowing

- O A W N = O N

3]

: Beyond vertebral body with cord compression (more than one-third of dural sac)

: Compression on dural sac only (slight dural compression)

: Compression on less than one-third of spinal cord (dural sac)

: Compression on more than one-third and less than two-third of spinal cord (dural tube)
: Compression on more than two-third of spinal cord (dural sac)

: 100-75 % of height of upper healthy disc

1 75-50 % of height of upper healthy disc

: Less than 50 % of height of upper healthy disc

Parentheses indicate modifications for the evaluation of the lumbar spine which lacks in the spinal cord

Results
Degenerative changes in the lumbar spine

Seventy-nine subjects (84 %) had degenerative disc chan-
ges at one or more intervertebral levels in the lumbar spine,
including decreased disc signal intensity in 74.5 % of the
subjects, posterior disc protrusion in 78.7 %, anterior
compression of the dura in 81.9 %, disc space narrowing in
21.3 %, and spinal canal stenosis in 12.8 % (Table 2). The
average number of intervertebral discs with degenerative
changes per subject was as follows: decreased disc signal
intensity, 1.9 discs; posterior disc protrusion, 1.6; anterior
compression of the dura, 1.7; disc space narrowing, 0.4;
and spinal canal stenosis, 0.2 (Table 3). The percentage of
degenerative changes increased at more caudal levels
(Table 2) and with age for all types of degenerative MRI
findings (Table 4).

Comparison of the lumbar and cervical spine
The percentage of subjects with positive degenerative MRI

findings at one or more intervertebral discs did not differ
significantly between the lumbar and cervical spine

(Table 5). Positive degenerative MRI findings in both
the lumbar and cervical spine were observed in 78.7 % of
the patients, as follows: decreased disc signal intensity
in 64.9 %, posterior disc protrusion in 66.0 %, anterior
compression of the dura in 68.1 %, disc space narrowing in
10.6 %, and spinal canal stenosis in 4.3 % (Fig. 1). Thus,
subjects with degenerative changes in the lumbar spine
were likely to have those changes in the cervical spine as
well.

Factors associated with degenerative MRI findings
in the lumbar spine

A decrease in disc signal intensity in the lumbar spine
was significantly associated with an increase in age [odds
ratio (OR) 4.2; 95 % confidence interval (CI) 1.2-14.9;
p = 0.024] and with the presence of decreased disc signal
intensity in the cervical spine (OR 4.9; 95 % CI 1.4-17.1;
p = 0.012). Posterior disc protrusion in the lumbar spine
was significantly associated with increased age (OR 7.9;
95 % CI 2.0-32.2; p = 0.004) and with the presence of
posterior disc protrusion in the cervical spine (OR 9.0;
95 % CI 2.3-35.8; p = 0.002). Anterior compression of
the dura was significantly associated with increased age

Table 2 Number of the discs
with positive MRI findings at

each intervertebral level

The numbers in the parentheses
indicate percentages

* Number of the subjects with a
positive MR finding at one or

L1-2 L2-3 L34 L4-5 L5-S1 Total®
Decrease in signal intensity 19 (20.2) 26 (27.7) 31 (33.0) 46 (48.9) 55 (58.5) 70 (74.5)
Posterior disc protrusion 6 (6.4) 21 (22.3) 33 (35.1) 46 (48.9) 49 (52.1) 74 (78.7)
Anterior compression of dura 7(7.4) 23 (24.5) 35(37.2) 51(54.3) 48 (51.1) 77 (81.9)
Disc space narrowing 2 (2.1 332 5.3 11 (11.7) 13 (13.8) 20 (21.3)
Spinal canal stenosis 2(2.1) 2 (2.1) 4.(4.2) 6 (6.3) 4 4.2) 12 (12.8)

more levels
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Table 3 Number of patients
with multilevel involvement of
disc degeneration

Number of intervertebral discs with positive findings

Table 4 Degenerative changes
in each age group (in years)

Table 5 Percentage of subjects
with positive MRI findings at

one or more intervertebral discs
comparison between lumbar and
cervical spines

* McNemar test

# Percentage of subjects with
positive MRI findings both in

0 1 2 3 4 5
Decrease in signal intensity 24 (25.5) 26 (27.7) 17 (18.1) 7(74) 4 (4.3) 16 (17.0)
Posterior disc protrusion 20 (21.3) 31 (22.00 19 (20.2) 12 (12.8) 10 (10.6) 2 (2.1
Anterior compression of dura 17 (18.1) 32 (34.0) 20 (21.3) 12 (12.8) 9 (9.6) 4 (4.3)
Disc space narrowing 74 (78.7) 10 (10.6) 8 (8.5) 0 (0) 2 (2.1) 0 (0)
Spinal canal stenosis 82 (87.2) 19 (9.6) 2 (2.1) 0 (0) 0 (0) 1(1.1)
20-29 30-39 40-49 50-59 60-69 Over 70
No. of Subjects 6 22 27 19 12 8
Decrease in signal intensity 2(333) 12(545) 22815 17(89.5) 10(83.3) 7 (87.5)
Posterior disc protrusion 3(50.0) 13 (59.1) 21 (77.8) 19 (100) 11 91.7) 7 (87.5)
Anterior compression of dura 3 (50.0) 13 (59.1) 23 (85.2) 19 (100) 12 (100) 7 (87.5)
Disc space narrowing 0 (0) 2(9.1) 5 (18.5) 6 (31.6) 3 (25.0) 4 (50.0)
Spinal canal stenosis 0 (0) 14.5) 13.7) 4 (21.1) 4 (33.3) 2 (25.0)
Any one of the four findings 3(50.0) 14(63.6) 24(88.9) 19 (100) 12 (100) 7 (87.5)
Lumbar spine  Cervical spine  p value* Tandem positive findings®
Decrease in signal intensity 70 (74.5 %) 76 (80.9 %) 0.31 61 (64.9 %)
Posterior disc protrusion 74 (78.7) 72 (76.6) 0.83 62 (66.0)
Anterior compression of dura 77 (81.9) 76 (80.9) 1.0 64 (68.1)
Disc space narrowing 20 (21.3) 32 (34.0) 0.05 10 (10.6)
Spinal canal stenosis 12 (12.8) 13 (13.8) 1.0 4 (4.3)
Any one of the five findings 79 (84.0) 85 (90.4) 0.21 74 (78.7)

the lumbar and cervical spines

Fig. 1 MRI of a 59-year-old asymptomatic patient demonstrating
tandem degenerative changes both in lumbar and cervical spines. He
had spinal canal stenosis both at L2-3 and C5-6. a T2 sagittal image
of lumbar spine. b T2 sagittal image of cervical spine
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(OR 8.8; 95 % CI 2.2-35.4; p = 0.002) and with female
gender (OR 0.16; 95 % CI 0.03-0.82; p = 0.027). We did
not detect any factors significantly associated with disc
space narrowing or with spinal canal stenosis (Table 6).

Discussion

This study demonstrated the frequency of positive degen-
erative MRI findings in the lumbar spine: 84 % of
asymptomatic subjects with a mean age of 48 years had
positive MRI findings of disc degeneration at one or more
intervertebral levels in the lumbar spine. There were more
degenerative MRI findings in the lumbar spine in older
subjects and at rostral levels such as L4-5 and L5-SI.
These results correspond to the results of previous studies,
both with asymptomatic and symptomatic subjects [1, 2].

Decreased disc signal intensity and posterior disc pro-
trusion were significantly associated with increased age
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Table 6 Relationships between

. . No. of  Decrease in Posterior disc  Anterior Disc space Spinal canal
degenerative MRI findings of . . . . . . . .
. patients  signal intensity  protrusion compression  narrowing stenosis
lumbar spine and factors .
of dura
Age
<40 28 14 (50.0) 16 (57.1) 16 (57.1) 2 (7.1) 1 (3.6)
>40 66 56 (84.8)* 58 (87.9)* 61 (92.4)* 18 (27.3) 11 (16.7)
Gender
Male 46 40 (87.0) 40 (87.0) 30 (70.8)* 9 (19.6) 5(10.9)
Female 48 30 (62.5) 34 (70.8) 43 (93.5) 11 (22.9) 7 (14.6)
Smoking
Smoker 21 13 (61.9) 16 (76.2) 16 (76.2) 5(23.8) 2 (9.5)
Non-smoker 72 57 (78.1) 58 (79.5) 61 (83.6) 15 (20.5) 10 (13.7)
Sports
Regularly 16 9 (56.2) 12 (75.0) 12 (75.0) 1(6.2) 2 (12.5)
None 78 61 (78.2) 62 (79.5) 65 (83.3) 19 (24.4) 10 (12.8)
The numbers in the parentheses BMI
indicate percentages >25.0 25 15 (64.0) 18 (72.0) 20 (80.0) 5 (20) 2 (8.0)
* p < 0.05 (Logistic regression <25.0 64 49 (76.6) 5(79.7) 52 (81.2) 13 (20.3) 9 (14.1)
analysis) MRI findings in cervical spine®
% MRI finding in the cervical Positive 61/76 (80.3)* 62/72 (86.1)*  64/77 (83.1) 10/20 (50.0) 2/6 (33.3)
spine corresponding to that in Negative 9/18 (50.0) 12/22 (54.5) 12/17 (70.6) ~ 22/74 (29.7) 10/88 (11.4)

the lumbar spine in the rows

and with the presence of corresponding MRI findings in the
cervical spine. Anterior compression of the dura was sig-
nificantly associated with age and with female gender.

Although not statistically significant, anterior compres-
sion of the dura, disc space narrowing, and spinal canal
stenosis in the lumbar spine were observed more frequently
in those subjects with corresponding MRI findings in the
cervical spine. In 78.7 % of the subjects, at least one type
of degenerative MRI finding was observed in both the
lumbar and cervical spine. These results suggest that disc
degeneration occurs concurrently in the lumbar and cervi-
cal spine in asymptomatic subjects. In our previous studies,
we found a significant association between thoracic and
cervical disc degeneration in asymptomatic subjects [16].
Thus, the physiological ageing process involves the whole
spine, and where disc degeneration is found in one part of
the spine, other parts of the spine should be examined as
well.

At the same time, the pathological significance of
degenerative MRI findings should be evaluated carefully in
patients with lumbar and/or cervical spinal disorders, since
concurrent asymptomatic disc degeneration in both lumbar
and cervical intervertebral discs is not uncommon on MRI.
Tsutsumimoto et al. [19] recently reported a natural history
of asymptomatic lumbar spinal canal stenosis in patients
treated surgically for cervical myelopathy. Asymptomatic
lumbar spinal canal stenosis was present in 32 % of the
patients, and 89.6 % of the patients were free from leg
symptoms for 3 years after surgery. In the present study,

tandem canal stenosis was identified in only 4.3 % of
the subjects; this is a lower percentage than that reported
by Tsutsumimoto. This may be in part because our
study included only asymptomatic, healthy and relatively
younger subjects free from neck and back pain.

We did not find a significant association between lumbar
disc degeneration and any parameters other than age and
cervical disc degeneration, although several studies have
reported that high BMI and smoking promote disc degen-
eration [20].

This study has several limitations. First, only T2 sagittal
images were obtained for the lumbar spine due to limita-
tions of imaging time and costs. Although T2 sagittal
images provide fundamental information for assessing
lumbar disc degeneration, the lack of T2 axial images
might limit the diagnostic accuracy of the MR images in
detecting degenerative changes. Especially, diagnosis of
spinal canal stenosis could have been made better on axial
images than on sagittal images. Second, our study popu-
lation had some bias in terms of age distribution and
occupation and, therefore, may not precisely represent the
general population. Nonetheless, this is the first study to
compare degenerative changes in the lumbar spine with
those in the cervical spine in asymptomatic subjects. The
results can be used as a control for evaluating MRI findings
in patients with degenerative lumbar diseases and in those
with tandem lumbar and cervical lesions.

In conclusion, MR images from asymptomatic subjects
frequently showed degenerative changes in the lumbar
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spine, and these changes were significantly associated with
degeneration in the cervical spine, suggesting that disc
degeneration occurs in tandem in the lumbar and cervical
spine.
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