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Clinical Relationship of Degenerative Changes
between the Cervical and Lumbar Spine

Yuichiro Morishita"?, Zorica Buser’, Anthony D’Oro’, Keiichiro Shiba’, Jeffrey C. Wangl

'Department of Orthopedic Surgery, Keck School of Medicine, University of Southern California, Los Angeles, CA, USA
*Department of Orthopedic Surgery, Spinal Injuries Center, lizuka, Japan

Study Design: Retrospective, observational, case series.

Purpose: To elucidate the prevalence of degenerative changes in the cervical and lumbar spine and estimate the degenerative
changes in the cervical spine based on the degeneration of lumbar disc through a retrospective review of magnetic resonance (MR)
images.

Overview of Literature: Over 50% of middle-aged adults show evidence of spinal degeneration. However, the relationship between
degenerative changes in the cervical and lumbar spine has yet to be elucidated.

Methods: A retrospective review of positional MR images of 152 patients with symptoms related to cervical and lumbar spondylosis
with or without a neurogenic component was conducted. The degree of intervertebral disc degeneration (IDD) was assessed on a
grade of 1-5 for each segment of the cervical and lumbar spine using MR T2-weighted sagittal images. The grades across all seg-
ments were summed to produce the degenerative disc score (DDS) for the cervical and lumbar spine. The patients were divided into
two groups based on the IDD grade for each lumbar segment: normal (grades 1 and 2) and degenerative (grades 3-5).

Results: DDSs for the cervical and lumbar spine were positively correlated. Significant differences in cervical DDSs between the
groups were observed in all lumbar segments. Although there were no significant differences in cervical DDSs among the degenera-
tive lumbar segment, cervical DDSs at the L1-2 and L2—3 segments tended to be higher than those at the L3—4, L4-5, and L5-S de-
generative segments.

Conclusions: Our study shows that participants with degenerative changes in the upper lumbar segments are more likely to have a
certain amount of cervical spondylosis. This information could be used to lower the incidence of a missed diagnosis of cervical spine
disorders in patients presenting with lumbar spine symptomology.
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Introduction because they are developed as a consequence of the in-

teraction between an individual’s genetic, lifestyle, and

Degenerative skeletal disorders are common and serious environmental factors. Degenerative disease of the spine
problems worldwide, particularly in the aging popula- is a common manifestation of the degenerative process,
tions. These disorders are classified as polygenic diseases with the earliest spinal lesions thought to occur in the in-
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tervertebral discs. Intervertebral disc degeneration (IDD)
typically appears in the second decade of life in men
and in the third decade in women, with more than 50%
of middle-aged adults showing some evidence of spinal
spondylosis [1].

The human spine is subjected to large compressive pre-
loads during activities of daily living. Depending on the
position of the spine, the axial load exerted on the lumbar
intervertebral discs can increase to magnitudes of up to
three times the body weight. Age, individual somatotype,
and environmental factors, such as activities of daily liv-
ing and occupation, are the most important etiological
factors of IDD [2]. Although not completely understood,
genetic factors are increasingly being considered in the
etiology of IDD. There is emerging evidence that gene
polymorphisms in disc components, such as proteins,
proteoglycans, cytokines, enzymes, and vitamin D recep-
tor, play significant roles in the pathology of IDD, possibly
by altering the normal homeostasis of the intervertebral
disc and/or influencing the effects of environmental fac-
tors [3-7].

Although IDD is common, clinical diagnosis and treat-
ments are complicated because patients frequently present
with complex neurogenic patterns of pain and impair-
ment related to degenerative changes at multiple spinal
levels. In these cases, assessment and treatment are often
focused on the spinal region associated with the patient’s
primary complaint. For instance, a clinician may associ-
ate complaints of gait disturbances reported by patients
with radiological evidence of lumbar spinal canal stenosis
to cauda equina syndrome, focusing the neurological ex-
amination on the lower extremities, such as assessment of
deep tendon reflexes, without considering the contribu-
tion of upper spinal lesions. An issue limiting the assess-
ment and treatment in these cases is the absence of infor-
mation regarding the relationship between degenerative
changes at different levels of the spine.

Numerous studies investigating the degenerative pro-
cesses of the human spine have reported the results of di-
agnostic imaging for the assessment and identification of
spinal degeneration, as well as the resulting effects of the
degeneration on the kinematics of the spine [8-17]. How-
ever, to the best of our knowledge, few reports have so far
investigated the correlation between degenerative changes
of the cervical and lumbar spine. The aim of our study
was to elucidate the prevalence of degenerative changes in
the cervical and lumbar spine and estimate the degenera-
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tive changes in the cervical spine based on lumbar disc
degeneration through a retrospective review of positional
magnetic resonance imaging (MRI) scans.

Materials and Methods

This study included 152 patients (81 men and 71 women;
age, 20-62 years; mean age, 46.9 years) with symptoms re-
lated to cervical and lumbar spondylosis with or without a
neurogenic component and who had not undergone prior
spinal surgery.

This study was approved by the Institutional Review
Board at University of Southern California Health Science
Campus (IRB protocol no., HS-1400397).

1. Magnetic resonance imaging technique

All patients underwent positional cervical and lumbar
MRI with a weight-bearing position on the same day. MRI
was performed on a 0.6-T MRI scanner (Upright Multi-
Position; Fonar Corp., New York, NY, USA) using a flex-
ible surface coil. The imaging protocol included sagittal
T1-weighted spin-echo sequences (repetition time [TR]/
echo time [TE], 671/17 ms; slice thickness, 3.0 mm; field
of view, 24 cm; matrix, 256x200; and number of excita-
tions [NEX], 2) and T2-weighted fast spin-echo sequences
(TR/TE, 3,432/160 ms; slice thickness, 3.0 mm; field of
view, 24 cm; and NEX, 2). All sequences were acquired
without fat saturation.

2. Assessment of intervertebral disc degeneration

The patients’ IDD was evaluated using a previously report-
ed modified classification system based on the degenera-
tive changes in the functional spinal unit [8-10]. The clas-
sification system was used to establish an IDD grade, from
grade 1, indicative of minimal evidence of IDD, to grade
5, indicative of substantive evidence of IDD. T2-weighted
sagittal images of 1,520 intervertebral discs obtained from
all the patients in this study were evaluated and classified
using the five-grade system. The following intervertebral
discs were evaluated: C2-3, C3-4, C4-5, C5-6, and C6-7
for the cervical spine and L1-2, L2-3, L3-4, L4-5, and
L5-S for the lumbar spine. Patients were divided into two
groups based on the IDD grade for each lumbar segment:
normal (grades 1 and 2) and degenerative (grades 3-5) in-
tervertebral discs. Three independent observers were used
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Table 1. The grading system for intervertebral disc degeneration

Grade Structure Signal intensity Disc height Structure of FSU
| Homogeneous, bright white Hyperintense Normal Without DH
Il Inhomogeneous with/without horizontal bands Hyperintense Normal Without DH
Ml Inhomogeneous, gray Intermediate Normal to slight decrease ~ With/without DH
[V Inhomogeneous, gray to black Intermediate to hypointense ~ Decreased With DH/osteophyte
V Inhomogeneous, black Hypointense Collapsed With DH/osteophyte
FSU, functional spinal unit; DH, disc herniation.
Table 2. The average grade of cervical intervertebral discs and DDS for cervical spine
C2-3 C3-4 C4-5 C5-6 C6-7 DDS
Grade 2.53+0.59 2.74+0.55 2.88+0.6 3.07+0.64 2.91+0.7 14.11+2.53
Values are presented as meansstandard deviation.
DDS, degenerative disc score.
Table 3. The average grade of lumbar intervertebral discs and DDS for lumbar spine
L1-2 L2-3 L34 L4-5 L5-S DDS
Grade 2.23+0.67 2.36+0.68 2.64+0.71 2.95+0.75 3.14+0.86 13.32+2.62

Values are presented as mean+standard deviation.
DDS, degenerative disc score.

to grade IDD, and their grades were compared to obtain
the level of agreement. The grades attributed to each of the
five intervertebral discs at the cervical and lumbar spine
were summed to provide the respective degenerative disc
score (DDS).

3. Statistical analysis

The computer software package StatMate III (ATMS Co.
Ltd, Tokyo, Japan) was used. Pearson’s correlation coef-
ficient and Mann-Whitney U-test were used for statistical
analysis. A p-value of <0.05 was considered statistically
significant. Kappa (k) value was calculated as a measure of
the inter-observer reliability for IDD grading.

Results

A high level of agreement (k=0.674) was noted among
three independent observers who graded IDD. The distri-
bution of IDD grades is reported in Table 1. The average
disc grades for each segment and DDSs for the cervical
and lumbar spine are shown in Tables 2 and 3, respective-
ly. The highest IDD grade in the cervical spine was identi-
fied at C5-6, followed by C6-7 and C4-5 segments. The
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Fig. 1. A significant correlation between age and DDS for the cervical
spine; Pearson's correlation coefficient (p<0.01, =0.25, /=0.06). DDS,
disc degenerative score.

Cervical DDS

Age (yr)
Fig. 2. A significant correlation between age and DDS for the lumbar
spine; Pearson’s correlation coefficient (p<0.01, r=0.25, #=0.06). DDS,
disc degenerative score.

IDD grade in the lumbar spine progressively increased
from a minimum at the L1-2 segment to more extensive
evidence of degeneration in the lower lumbar segments.
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There were positive correlations between age and DDSs
(cervical spine: p<0.01, r=0.25, r’=0.06; Fig. 1; lumbar
spine: p<0.01, r=0.25, r’=0.06; Fig. 2). In addition, DDSs
for the cervical and lumbar spine were positively corre-
lated (p<0.001, r=0.44, r’=0.2) (Fig. 3).

The average cervical DDSs for each lumbar segment
are shown in Table 4. We observed significant differences
in cervical DDSs between the groups with normal and
degenerative intervertebral disc in all lumbar segments.
Although there were no significant differences in cervical
DDSs in the degenerative lumbar segments, the cervical
DDSs at the L1-2 and L2-3 segments tended to be higher
than those at the L3-4, L4-5, and L5-S degenerative seg-
ments.

Discussion

The range of motion among the different spinal segments
has largely been characterized based on functional plain
radiographs obtained in non-weight-bearing positions.
This provides evidence of a progressive, cephalad-to-
caudal increase in the segmental range of motion, with
greater magnitudes of motion in the lower segments of
the lumbar spine, L4-5 and L5-S, compared with the up-
per lumbar segments [12,13]. Weight-bearing alters the
biomechanical state of intervertebral discs, with reported
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Fig. 3. A significant correlation between DDSs for the cervical and
lumbar spine; Pearson’s correlation coefficient (p<0.001, r=0.44,
’=0.2). DDS, disc degenerative score.

Table 4. The average DDSs for cervical spine in each lumbar segment

L1-2 L2-3
Normal disc 13.82+2.32 (111) 13.67+2.23 (97)
Degenerative disc 14.9+2.26 (41) 14.89+2.36 (55)
Significant difference <0.05° <0.01"
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5%-15% decrease in the height and volume of lumbar
spine discs in the weight-bearing compared with the
non-weight-bearing positions [14,15]. Therefore, imag-
ing studies using non-weight-bearing positions may not
accurately reflect the functional kinematics of the human
spine. Using positional MRI to investigate the effects of
degenerative changes in the lumbar intervertebral discs
on the kinematics of the lumbar spine, Lee et al. [16,17]
reported a significantly larger range of motion at the
L2-3, L3-4, and L4-5 segments compared with the L1-2
and L5-S segments [11,16,17]. Our results demonstrated
that degenerative changes in the lumbar intervertebral
discs are largest in the lower lumbar segments (L4-5 and
L5-S segments), with lower evidence of degenerative
changes in the upper lumbar segments (L1-2 and L2-3
segments). This lack of concordance between the range of
segmental motion, weight-bearing disc volume, and IDD
grade may be explained by the findings of Nachemson
et al. [18] that the degree of degenerative changes in the
lumbar segments does not correlate with the segmental
range of motion. The progressive increase in degenera-
tive changes from the upper to the lower segments of the
lumbar spine agrees with our predicted pattern of IDD
based on the weight-bearing function of the lumbar spine.
In particular, the lower lumbar spine is the mechanical
fulcrum between the spine and the pelvis. Therefore, the
lower lumbar segments might be subjected to the highest
magnitudes of mechanical stress during activities of daily
living and, as a result, would also be the most influenced
by somatotopic, genetic, and environmental factors.

In our study, age reflected the grade of degenerative
changes in the cervical and lumbar spine, and there was a
significant positive association of the degenerative chang-
es between the cervical and lumbar spine. In particular,
we found that participants with degenerative changes in
the upper segments of the lumbar spine (L1-2 or L2-3

L3-4 L4-5 L5-S

13.67+2.51 (67) 13.05+2.46 (39) 13.06+2.42 (32)
14.46+2.16 (85) 14.48+2.2 (113) 14.39+2.25 (120)
<0.05 <0.01" <0.05

Values are presented as meanzstandard deviation (number of subjects). Mann—Whitney U-test: compared with normal and degenerative disc

groups.
DDS, degenerative disc score.
'p<0.05, "p<0.01.
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segments) were more likely to have a higher DDS of the
cervical spine. Based on our study results, we propose the
need to consider the presence of cervical spine disorders
in patients being evaluated and treated for lumbar spine
disorders. A prognostic determination of degenerative
changes in the cervical spine based on the assessment of
IDD of the spinal segments in the upper lumbar spine
could lower the incidence of missed diagnosis of cervical
spine disorders in patients presenting with lumbar spine
symptomology.

The limitations of our study need to be considered in
the application of its outcome to practice. Foremost, only
IDD in the cervical and lumbar spine was assessed, with-
out consideration of neurological symptoms and impair-
ments, such as the degree of spinal cord or cauda equina
entrapment. Therefore, our results proof-of-principle data
to support the development of a larger, population-based
study to establish the prevalence of degenerative changes
for all segments of the spine, as well as to clarify the rela-
tionships between the degenerative changes at multiple
spinal levels.

Conclusions

Our study showed that patients with degenerative changes
in the upper lumbar segments are more likely to have
certain degree of cervical spondylosis. This information
could lower the incidence of missed diagnosis of cervical
spine disorders in patients presenting with lumbar spine
symptomology.
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