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Abstract An association between progression of cervical
disc degeneration and that of lumbar disc degeneration has
been considered to exist. To date, however, this association
has not yet been adequately studied. Age-related changes in
the cervical intervertebral discs were evaluated by mag-
netic resonance imaging (MRI) in patients with lumbar disc
herniation, and compared with the MRI findings of healthy
volunteers without lower back pain. The purpose of this
study was to clarify whether the prevalence of asymp-
tomatic cervical disc degeneration is higher in patients with
lumbar disc herniation than in healthy volunteers. The
study was conducted on 51 patients who were diagnosed as
having lumbar disc herniation and underwent cervical
spine MRI. The patients consisted of 34 males and 17
females ranging in age from 21-83 years (mean 46.9 £
14.5 years) at the time of the study. The control group was
composed of 113 healthy volunteers (70 males and 43
females) aged 24-77 years (mean 48.9 £ 14.7 years),
without neck pain or low back pain. The percentage of
subjects with degenerative changes in the cervical discs
was 98.0% in the lumbar disc herniation group and 88.5%
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in the control group (p = 0.034). The presence of lumbar
disc herniation was associated significantly with decrease
in signal intensity of intervertebral disc and posterior disc
protrusion in the cervical spine. None of the MRI findings
was significantly associated with the gender, smoking,
sports activities, or BMI. As compared to healthy volun-
teers, patients with lumbar disc herniation showed a higher
prevalence of decrease in signal intensity of intervertebral
disc and posterior disc protrusion on MRI of the cervical
spine. The result of this study suggests that disc degener-
ation appears to be a systemic phenomenon.

Keywords Lumbar disc herniation - Asymptomatic
volunteers - MRI - Cervical spine - Disc degeneration

Background

Intervertebral disc degeneration is known to occur as a result
of natural aging under the influence of various environmental
factors [3, 6, 7, 12]. We conducted magnetic resonance
imaging (MRI) evaluation of 497 healthy individuals with-
out symptoms related to the cervical spine, and reported that
the prevalence of disc degeneration increased with age, with
decrease in signal intensity of intervertebral disc being
observed on the MR images in 17% of males and 12% of
females aged 20-29 years, and in 86% of males and 89% of
females aged 60-69 years [15]. We subsequently followed
these subjects for minimum 10 years and reported factors
involved in the progression of cervical disc degeneration in
asymptomatic subjects [18, 19].

Sambrook et al. [20] conducted cervical and lumbar
spine MRI of 174 monozygotic twins and 154 dizygotic
twins and scored the findings of disc generation on the MR
images. They reported that genetic factors had a greater
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influence than environmental factors in these cases. Battie
et al. [2] conducted a longitudinal study of twins in multiple
countries, including Canada, Finland and USA, the Twin
Spine Study, and reported that genetic factors were more
closely associated with disc degeneration than the conven-
tionally known environmental factors, such as smoking,
vibration, and automobile driving. MacGregor et al. [13]
investigated 1,064 twins about neck pain and lower back
pain, and reported that genetic factors were more closely
associated with these symptoms than environmental factors.

Following recent advances in genetic studies, cartilage
inter-layer protein (CILP) [21], COL11A1 [16], THBS2
[8], and aspirin D14 [22] have been reported as gene
polymorphisms frequently associated with disc degenera-
tion. Then, if disc degeneration was genetically predes-
tined, there should be some association between
degenerative changes of the lumbar and cervical discs.
During clinical practice, we often encounter patients hav-
ing both cervical and lumbar disc degenerative disease at
the same time, and several clinical studies reported con-
comitant cervical and lumbar degenerative disorders sug-
gesting association between cervical and lumbar disc
degeneration. To date, however, the tandem cervical and
lumbar spinal disorders were studied only in a patient
group without appropriate control.

The present study was undertaken to evaluate the age-
related changes in the cervical disc by MRI in patients with
lumbar disc herniation, in comparison with those in healthy
volunteers not complaining of lower back pain. The
hypothesis tested was that the prevalence of asymptomatic
cervical disc degeneration is higher in patients with lumbar
disc herniation than in healthy individuals.

Subjects and methods

This study was carried out prospectively with the approval
of the Ethics Committee of the participating facilities. All
participants in the study were provided an adequate
explanation regarding the study by the physician in charge
during their outpatient visits, and written informed consent
was obtained from each of the study participants.

The subjects were 51 patients who were diagnosed as
having lumbar disc herniation on the basis of clinical
symptoms and MRI findings and also underwent cervical
spine MRI within 6 months of the diagnosis of lumbar disc
herniation. There were 34 males and 17 females, aged
21-83 years (mean 46.9 £ 14.5 years) at the time of the
study. The herniation level was L1/2 in 1 patient, L2/3 in 1
patient, L.3/4 in 1 patient, L4/5 in 21 patients and L5/S1 in
27 patients. The inclusion criteria were: (1) subjects should
be asymptomatic about cervical spine, (2) absence of a
history of cervical spine disease, head disease or trauma
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Table 1 Profile of 51 subjects

Herniation  Control
group (n = 113)
(n =51)
Age Mean 469 + 14.5 489 £+ 14.7
(21-83) (24-77)
Age distribution <40 19 (37.3%) 32 (28.3%)
>40 32 (62.7%) 81 (71.7%)
Gender Male 34 (66.7%) 70 (61.9%)
Female 17 (33.3%) 43 (38.1%)
Level of lumbar  L4-5 21 (41.2%)
disc L5-S1 17 (54.9%)
herniation Others 3 (5.9%)
Treatment Conservative 14 (27.5%)
treatment
Surgery 37 (72.5%)
Herniotomy 23 (62.2%)
Spinal fusion 14 (37.8%)

and absence of systemic inflammatory disease, and (3)
absence of lumbar spondylolisthesis or scoliosis. Lumbar
disc herniation was treated conservatively in 14 of the 51
patients and surgically in the remaining 37 patients. The
operative procedure was microdiscectomy (including
endoscopic microdiscectomy) in 23 patients and fusion in
the remaining 14 patients (Table 1).

Before undertaking an MRI of the cervical spine, a spine
surgeon conducted examination of the cervical spine,
including neurological examination. Patients with neck
pain, weakness in the upper extremities, sensory distur-
bance or abnormal deep tendon reflexes of the upper
extremities were excluded from the study.

Both the cervical and lumbar spine MRI in all patients
were carried out using a 1.5-T superconductive imager
(Achieva, Koninklijke Philips Electronics N.V.) under the
following settings: sagittal T1-weighted fast spin-echo
imaging [repetition time (TR)/echo time (TE) 620/10, echo
train length 3, thickness of slice 3.5 mm, field of view
(FOV) 23 cm, matrix size 336 x 218, number of excitation
(NEX) 6]; sagittal T2-weighted fast spin-echo image (TR/
TE 3000/100, echo train length 25, NEX 8, other condi-
tions identical to those for the T1-weighted sagittal imag-
ing); and axial T1- and T2-weighted fast spin-echo imaging
(TR/TE 3000/100, thickness of slice 3 mm, FOV 18 cm,
other conditions identical to those above).

Of the 223 asymptomatic volunteers on cervical spine
reported previously, 113 were enrolled in the control group
for this study. There were 70 males and 43 females aged
24-77 years (mean 48.9 & 14.7 years) at the time of the
study. Inclusion criteria for the control group were: the
subjects had no symptom in the cervical or lumbar spine;
and they had no history of cranial or cervical spinal



Eur Spine J (2011) 20:585-591

587

Table 2 Grading system for MR evaluation

Decrease in signal intensity of intervertebral disc
Grade 0: as bright as or slightly less bright than cerebrospinal
fluid
Grade 1: Markedly darker than cerebrospinal fluid
Grade 2: no signal
Posterior disc protrusion
Grade 0: no protrusion

Grade 1: disc material protruding beyond the posterior margin of
the vertebral body without cord compression

Grade 2: beyond vertebral body with cord compression
Disc space narrowing

Grade 0: 100-75% of height of upper healthy disc

Grade 1: 75-50% of height of upper healthy disc

Grade 2: <50% of height of upper healthy disc

diseases, or cervical trauma. Significant difference was not
recognized in age distribution or gender between the two
groups. The cervical spine MRI in this control group was
performed using a 1.5-T superconductive imager (Signa
Excite HD 1.5T, General Electronic Company) under the
following settings: sagittal T1-weighted fast spin-echo
imaging (TR/TE 380/8.2, echo train length 2, thickness of
slice 4 mm, FOV 24 cm, matrix size 256 x 192, NEX 3);
sagittal T2-weighted fast spin-echo imaging (TR/TE 5000/

Fig. 1 a, b Cervical spine MRI
T2-weighted sagittal image: the
intervertebral disc a is grade 0
in decrease in signal intensity of
intervertebral disc, and grade 0
in disc space narrowing. The
intervertebral disc b was : grade
1 in decrease in signal intensity
of intervertebral disc and grade
1 in disc space narrowing.

¢ Cervical spine MRI T2-
weighted axial image shows
grade 0 in posterior disc
protrusion. d Cervical spine
MRI T2-weighted axial image
shows grade 1 in posterior disc
protrusion

100, echo train length 16, NEX 3; other conditions iden-
tical to those for the T1-weighted sagittal imaging); and
transverse T1- and T2-weighted fast spin-echo imaging
(TR/TE 5000/102, thickness of slice 5 mm, FOV 16 cm,
other conditions identical to those above).

The cervical intervertebral levels evaluated were six
levels from C2/3 to C7/T1. Each level was assessed for (1)
decrease in signal intensity of intervertebral disc, (2) pos-
terior disc protrusion, and (3) disc space narrowing,
according to modified Matsumoto’s classification [15]
(Table 2, Fig. 1).

The MRI scans were interpreted by one experienced neu-
roradiologist in a blinded and independent manner. The final
result was determined from the result obtained by the neuro-
radiologist. However, to check the reliability of the ratings, the
scans were also interpreted by a spine surgeon, and the inter-
observer reliability was analyzed by calculating the Kappa
coefficient. In terms of the inter-observer reliability, values of
the Kappa coefficient of over 0.75 are considered to be
excellent, values of over 0.40 and <0.75 are considered to be
fair to good, and values below 0.40 are considered to be poor.

Statistical analysis

Chi-square test was used to compare the data between the
lumbar disc herniation group and the control group;

VA
!
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Table 3 Number of the discs with positive MRI findings at each
intervertebral level

Herniation group Control p value

(n =51) (n=113)
Decrease in signal intensity 48 (94.1) 93 (82.3) 0.033*
Posterior disc protrusion 47 (92.2) 90 (79.6) 0.034*
Disc space narrowing 9 (17.6) 33 (29.2) 0.082

Parentheses indicate percentage

* Statistical significance

p < 0.05 was regarded as statistically significant. Logistic
regression analysis was carried out with presence/absence
of lumbar disc herniation (herniation group vs. control
group), age, gender, smoking habit, periodic sports activi-
ties engaged in, and the presence/absence of obesity (BMI
less than 25 vs. over 25) serving as the covariables, and the
MRI findings of disc degeneration serving as the dependent
variables. The statistical analyses were performed using
Dr. SPSSII for Windows (SPSS Inc, Tokyo, Japan).

Results
The percentage of subjects with at least one finding of disc
degeneration on the MR images differed significantly

between the herniation group (98.0%, 50/51 patients) and the
control group (88.5%, 100/113 volunteers) (p = 0.034).

Table 4 Age and positive MRI findings

Analysis of the prevalence of each finding of disc
degeneration on MRI revealed that the prevalence of
decrease in signal intensity of intervertebral disc was
94.1% (48/51) in the herniation group and 82.3% (93/113)
in the control group (p = 0.033), that of posterior disc
protrusion was 92.2% (47/51) in the herniation group and
79.6% (90/113) in the control group (p = 0.034), and that
of disc space narrowing was 17.6% (9/51) in the herniation
group and 29.2% (33/113) in the control group (N.S.)
(Table 3).

Then, the prevalence of each finding was analyzed by
age. The prevalence of decrease in signal intensity of
intervertebral disc was 84.2% (16/19) in subjects under
40 years old and 100.0% (32/32) in subjects over 40 years
of age in the herniation group, and those in the control
group were 68.8% (22/32) and 87.7% (71/81), respectively.
The prevalence of posterior disc protrusion was 78.9% (15/
19) in subjects under 40 years old and 100.0% (32/32) in
subjects over 40 years of age in the herniation group, and
those in the control group were 62.5% (20/32) and 86.4%
(70/81), respectively. The prevalence of disc space nar-
rowing was 21.1% (4/19) in subjects under 40 years old
and 15.6% (5/32) in subjects over 40 years of age in the
herniation group, and those in the control group were
15.6% (5/32) and 34.8% (28/81), respectively (Table 4).
Thus, decrease in signal intensity of intervertebral disc
(p = 0.047) and posterior disc protrusion (p = 0.016) were
seen more frequently in subjects over the age of 40 than in
those under 40 in the herniation group, and all of decrease

Herniation group (n = 51)

Control (n = 113)

Age <40 (n=19) Age>40mn=32) pvalue Age<40(n=32) Age>40(m=281) p value
Decrease in signal intensity 16 (84.2) 32 (100.0) 0.047% 22 (68.8) 71 (87.7%) 0.021%*
Posterior disc protrusion 15 (78.9) 32 (100.0) 0.016* 20 (62.5) 70 (86.4) 0.006*
Disc space narrowing 4 (21.1) 5 (15.6) 0.447 5 (15.6) 28 (34.8) 0.035%

Parentheses indicate percentage

* Statistical significance

Table 5 Logistic regression analyses of MR findings

Decrease in signal intensity

Posterior disc protrusion

Disc space narrowing

p value Odds ratio (95% CI) p value QOdds ratio (95% CI) p value Odds ratio (95% CI)
Age 0.000%* 1.117 (1.060-1.177) 0.000%* 1.092 (1.045-1.142) 0.001* 1.045 (1.017-1.073)
Gender (male) 0.991 1.006 (0.343-2.952) 0.148 2.052 (0.775-5.436) 0.681 0.850 (0.391-1.847)
Smoking 0.402 0.630 (0.214-1.815) 0.510 0.707 (0.252-1.983) 0.675 0.834 (0.356-1.953)
Sport 0.489 1.684 (0.385-7.368) 0.338 0.552 (0.163-1.862) 0.813 1.150 (0.362-3.650)
BMI 0.909 0.933 (0.234-3.063) 0.440 1.575 (0.497-4.992) 0.389 1.438 (0.629-3.290)
Lumbar disc herniation 0.018* 5.333 (1.340-21.229) 0.034* 3.673 (1.105-12.212) 0.187 0.560 (0.237-1.325)

* Statistical significance
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in signal intensity of intervertebral disc (p = 0.021), pos-
terior disc protrusion (p = 0.006) and disc space narrowing
(p = 0.035) were seen more frequently in subjects over
40 years old than in those under 40 in the control group.

When the prevalence of each abnormality was analyzed
by the gender, the prevalence of decrease in signal intensity
of intervertebral disc was 91.2% (31/34) in the males and
100.0% (17/17) in the females of the herniation group, and
82.9% (58/70) in the males and 81.4% (35/43) in the
females of the control group. The prevalence of posterior
disc protrusion was 91.2% (31/34) in the males and 94.1%
(16/17) in the females of the herniation group, and 84.3%
(59/70) in the males and 72.1% (31/43) in females of the
control group. The prevalence of disc space narrowing was
17.6% (6/34) in the males and 17.6% (3/17) in the females
of the herniation group, and 28.6% (20/70) in the males and
30.2% (13/43) in the females of the control group. Thus, no
significant gender-related differences were observed in the
prevalence of any of these findings.

In the logistic regression analysis, age was found to be
significantly associated with decrease in signal intensity of
intervertebral disc [odds ratio (OR), 1.117; 95% confidence
interval (CI), 1.060-1.177], posterior disc protrusion (OR,
1.092; 95% CI, 1.045-1.142), and disc space narrowing
(OR, 1.045; 95% CI, 1.017-1.073) of the cervical spine.
The presence of lumbar disc herniation was significantly
associated with a decrease in signal intensity of interver-
tebral disc (OR, 5.333; 95% CI, 1.340-21.229; p = 0.018)
and posterior disc protrusion (OR, 3.673; 95% CI,
1.105-12.212; p = 0.034) on the cervical spine MRI.

None of the three findings was found to be significantly
associated with the gender, smoking habit, sports activities
or BMI (Table 5).

Kappa coefficient, calculated for the ratings given by
two readers was 0.87 for decrease in signal intensity of
intervertebral disc, 0.87 for posterior disc protrusion, and
0.53 for disc space narrowing. Thus, the inter-observer
reliability was good to excellent.

Case presentation: 36-year-old female with lumbar disc
herniation at L4-5 (Fig. 2).

Discussion

Few published reports have focused on the relationship
between the degenerative changes in the cervical and
lumbar spine in the same healthy individual. Master et al.
[14] evaluated the spondylopathic changes of the cervical
and lumbar spine using 234 cadaver specimens. They
found spondylopathic changes in 80% of all the specimens
and reported a statistically significant association between
the spondylopathic changes of the cervical spine and those

Fig. 2 A 36-year-old female with lumbar disc herniation at L4-5 on
the left side but with no symptom related to the cervical spine.
a Lumbar spine MRI T2-weighted sagittal image: disc herniation with
protrusion into the spinal canal is observed at L4-5. b Lumbar spine
MRI T2-weighted axial image: L4-5 level. Disc herniation is
observed on the left side with nerve root compression. ¢ Cervical
spine MRI T2-weighted sagittal image: reduced disc intensity visible
from C2-3 through C6-7 levels. Posterior disc protrusion noted at
C5-6 and C6-7 levels. Disc space narrowing was observed at C5-6
and C6-7 levels. d Cervical spine MRI T2-weighted axial image:
C5-6 level. Large disc protrusion is observed

of the lumbar spine. Lee et al. [11] measured the diameter
of the spinal canal in the cervical and lumbar spine in 440
cadavers using digital calipers, and found narrowing of the
spinal canal at both levels in 0.9-5.4% of all cadavers. On
the basis of these results, they reported that narrowing of
the cervical spinal canal was significantly associated with
that of the lumbar spine.
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Patients with severe neurological symptoms associated
with both the cervical and lumbar spine have been
reported as cases of tandem spinal stenosis (TSS), and
have been treated primarily by surgery [1, 4, 10, 17]. In
1964, Teng and Papatheodoru [23] published the first
report of a case of cervical spondylosis, with cervical
myelopathy, as well as lumbar disc degeneration. They
recommended myelography of the entire spine when
dealing with cases of severe cervical spondylosis, even if
they are asymptomatic about lumbar spine. Epstein et al.
[5] analyzed the clinical symptoms of cases with nar-
rowing of the spinal canal at the level of the cervical
and lumbar segments of the spine and pointed out the
necessity of detailed neurological examination and also
testing to rule out motor neuron disease and peripheral
neuropathy, because the symptoms of this disease are not
typical. Jacobs et al. [9] studied the myelographic find-
ings of the lumbar spine in patients having undergone
surgical treatment of cervical disc degenerative disease,
reporting that patients with degenerative disease of the
cervical spine often had findings of degeneration of the
lumbar spine (disc protrusion in 39% and nerve root
compression in 50% of all cases).

These previous studies have suggested that degeneration
of the cervical spine and lumbar spine may be closely
associated with each other. However, they lacks in control
subjects for comparison. In the present study, MRI was
used which is the most sensitive imaging modality for
evaluation of disc degeneration and we compared MR
findings of cervical discs of patients with lumbar disc
herniation with those of healthy asymptomatic subjects.

In the present MRI study, the presence of cervical disc
degenerative changes was higher in the herniation group
(98.0%) than in the control group (88.5%), even though all
patients in the herniation group were asymptomatic
regarding cervical spine. The prevalence of degenerative
changes increased with aging, consistent with previous
reports [3, 6, 7, 15, 18, 19]. When compared to healthy
volunteers with no symptoms arising from the cervical
spine, patients with lumbar disc herniation showed a sig-
nificantly higher prevalence of decrease in signal intensity
of intervertebral disc and posterior disc protrusion on MRI
of the cervical spine. These results strongly suggest that
patients with lumbar disc herniation are also likely to show
degenerative changes of spinal segments other than those
of the lumbar spine, and that some factors in the individual
(e.g., genes) may stimulate disc degeneration in both the
cervical and lumbar spine at the same time. On the other
hand, disc degeneration was not associated with the
smoking habit, sports activities that the subjects engaged
in, or the presence/absence of obesity, although these fac-
tors have been previously reported to be associated with
disc degeneration.
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Disc space narrowing was not significantly associated
with existence of herniation. Disc space narrowing repre-
sents an advanced stage of disc degeneration [18]. While
decrease in signal intensity of intervertebral disc and pos-
terior disc protrusion was observed in 80-90% of the
subjects, disc space narrowing was observed only in about
20%. This low prevalence rate of disc space narrowing may
be attributable to the negative association between lumbar
disc herniation and disc space narrowing of the cervical
spine.

One of the limitations of this study was that the MRI
machine and pulse sequence, differed among the multiple
facilities. Because decrease in signal intensity of interver-
tebral disc may vary particularly greatly depending on the
type of MRI machines and pulse sequences used, we
attempted to minimize the device-associated error by using
an original grading system, such as comparison of the
intensity of the cerebrospinal fluid on T2-weighted images,
in the present study. Also, the kappa coefficient for disc
space narrowing was much smaller than those for decrease
in signal intensity of intervertebral disc and posterior disc
protrusion. Disc space narrowing of grade 1 was defined as
50-75% loss of disc height compared with the upper
intervertebral disc. Most subjects exhibited marginal disc
space narrowing, i.e., 70-80% loss of disc height, making
judgment by the two observers difficult. However, the
kappa coefficient for disc space narrowing was 0.53, which
was considered to be fair to good rather than poor.

Despite these limitations, the present study was the first
study to investigate age-related changes in the cervical
spine by MRI in patients with lumbar disc herniation in
comparison with healthy volunteers. The results of this
study showed that disc degeneration in the cervical spine is
more prevalent in patients with lumbar disc herniation than
healthy subjects, calling the attention of spine care pro-
fessionals to potential cervical lesions in patients with
lumbar disc herniation.

Conclusion

MRI of cervical spine was performed in patients with
lumbar disc herniation without any cervical spine symp-
toms, and a cross-sectional analysis was conducted on the
MRI findings of disc degeneration.

Patients with lumbar discs herniation had a higher
prevalence of decrease in signal intensity of intervertebral
disc and posterior disc protrusion as compared with healthy
volunteers on cervical spine MRI. Thus, disc degeneration
appears to be a systemic phenomenon.
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