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BACKGROUND: Cervical intervertebral disc herniation can lead to myelopathy. Aging is an established
variable related to spondylotic myelopathy. Studying this association will help in controlling the increase in
spondylotic myelopathy with age.

OBJECTIVES: To study the association between cervical disc level, its direction, and the frequency of my-
elopathy with age, and to assess the epidemiology of age-related cervical disc herniation and myelopathy.
DESIGN: Retrospective review of magnetic resonance (MR) images.

SETTING: Tertiary referral hospital.

PATIENTS AND METHODS: We studied the MR images of adults patients (>18 years of age) referred to
our department between 2001 and 2012 for suspected cervical spondylopathy. The direction and severity of
herniation and the presence of myelopathy was determined for spinal levels C2 to C7.

MAIN OUTCOME MEASURE(S): Relationship between age-related cervical disc herniation and myelopa-
thy.

RESULTS: We studied 6584 patient MR images, which included 2402 males (39.1%) and 3737 females
(60.9%). The frequency of myelopathy increased with age from 0.6% in patients <20 years of age, reaching
9.1% in patients >70 years of age. The most common level affected by myelopathy was C5-Cé. In elderly pa-
tients (>60 years), the C3-C4 level became the predominant level affected by myelopathy. Likewise, the fre-
quency of central disc herniation increased significantly (P<.001) with age at all cervical levels. Furthermore,
upper cervical levels showed a higher frequency of central disc herniation than lower cervical levels in the
elderly.

CONCLUSION: The increased frequency of central disc herniation with age suggest an important, and
probably a cause-effect relationship, between herniation and myelopathy.

LIMITATIONS: We were unable to access clinical data or electrophysiological studies to correlate with MR
image findings.

C ervical spondylosis constitutes the age-related
degenerative changes affecting the vertebrae,
intervertebral discs, true joints of the cervi-
cal spine and associated ligaments,” each of which
can be affected by a wide spectrum of degenerative
changes.? The wide spectrum of spondylotic changes
in the cervical spine may have variable manifestations,
ranging from an incidental finding on a magnetic reso-

nance (MR) image to severe morbidity in the form of
myelopathy.

Extensive work has attempted to correlate the
neurological complaints associated with spondylotic
changes with the major degenerative changes lead-
ing to narrowing of the spinal canal.® The main three
spondylotic changes resulting in canal narrowing are
intervertebral disc (IVD) herniation, the appearance of
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osteophytes and ossification of joint ligaments.” These
changes are the most common known causes of non-
traumatic myelopathy, which in severe form is known as
cervical spondylotic myelopathy (CSM).*

Cervical IVD herniation associated with spondylotic
changes is one of the most common causes of myelop-
athy, and the only process significantly associated with
clinical manifestations.® The IVD is composed of a cen-
tral nucleus pulposus and surrounding annulus fibrosus.
The basic structural unit of the nucleus pulposus is gly-
cosaminoglycan, which gradually diminishes in size and
number with age, increasing the vulnerability of IVD
material to herniation.®

Aging is the only independent variable that is sig-
nificantly related to the development of spondylotic
changes.” Aging also changes the pattern of myelopa-
thy (in terms of severity and level of affection), as elderly
patients have more severe manifestations and worse
surgical outcomes as compared with younger patients.
In addition, myelopathy in the elderly affects upper cer-
vical levels as compared with lower levels in younger
age groups.®1°

We conducted a retrospective review of the cervi-
cal MR images taken in our tertiary referral hospital for
cervical spondylosis. The MR images were analyzed ac-
cording to the location and severity of IVD herniation
and its relationship to age, gender and the presence
or absence of cervical myelopathy. We mainly focused
on the effects of aging on both cervical IVD herniation
and myelopathy. We also provide an epidemiological
overview of cervical IVD herniation and myelopathy in
Jordan.

PATIENTS AND METHODS

This retrospective study was approved by our institu-
tional review board who waived informed consent .
Patients referred to the department of radiology and
nuclear medicine at our tertiary, referral university hos-
pital between 2001 and 2012 for suspected cervical
spondylopathy (due to a wide range of complaints from
simple neck pain to motor weakness) were included in
this studly.

Exclusion criteria included incidental findings of ma-
lignant, Inflammatory, traumatic or demyelinating pro-
cesses. Only subjects older than 18 years of age were
included.

Interpretation of images

All cervical MR images for our population were re-
trieved and reviewed by four experienced neuroradi-
ologists (the authors) during the years 2012 to 2015.
IVD herniation at each cervical level from C2-C7 was ex-

amined for the direction and severity of herniation and
the presence of myelopathy. As no consensus on the
nomenclature or classification of cervical IVD herniation
for MR imaging exists, we adopted the classification
used for lumbar disc herniation, which was applied to
all cervical levels on each MR image."

The direction of herniation was classified as cen-
tral (between the medial parts of the facets), right and
left posterolateral (between the medial parts of facets
and the lateral parts of the pedicles), foraminal (lateral
to the lateral part of the pedicle on both sides), and
as a diffuse bulge (more than 50% of disc circumfer-
ence beyond the disc space, arbitrarily included as a
disc herniation to study its role in myelopathy with the
other types of herniation). Severity was classified ac-
cording to proximity to the spinal cord as normal (0),
indenting the thecal sac (1), abutting the spinal cord
(2), and compressing the spinal cord (4). Myelopathy
was diagnosed based on the presence of intramedul-
lary high-signal intensity on T2-weighted MR image in
patients with a spondylotic lesion of the cervical spinal
cord (Figure 1)."

MR Imaging protocol

The cervical MR images done in our department from
2001 to 2006 were performed using Siemens Vision
Plus 1.5 Tesla MRI Scanner while from 2006 to 2012 a
Siemens Magnetom Verio 3T MRI scanner was used.
With both scanners, a similar protocol for the cervical

Figure 1. Sagittal T2 weighted image of the cervical spine
showing cord compression and myelopathy manifested by
focal hyperintensity in the cervical cord.
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Table 1. Frequency of direction of herniation by age group.

Cervical spine level

Age group Num})er of
c2.c3 c3-ca ca-cs C5-C6 c6-c7 patients
Central herniation
18-30 0.0 7 13 12.0 5 584
31-40 1 21 27 23 12 1085
41-50 2 35 40 34 20 1799
51-60 2 43 47 34 24 1448
61-70 3 47 49 37 28 862
>70 5.0 54 55 43 29 361
Overall 1.7 34.7 38.9 31.1 19.9 6139
Left posterolateral
18-30 0.3 0.7 1.5 3.8 2.1 584
31-40 0 1.1 4.3 9.2 5.1 1085
41-50 0.2 2.7 4.9 10.2 7.4 1799
51-60 0 3.1 5.2 11.8 9.4 1448
61-70 0.2 2.9 5.5 11.8 10.1 862
>70 0.8 5.5 4.7 11.6 11.6 361
Overall 0.2 2.5 4.6 10.1 7.6 6139
Right posterolateral
herniation
18-30 0 0.7 1.5 2.4 1.5 584
31-40 0.1 1.9 2 7.7 4.2 1085
41-50 0.2 2.1 4.8 9.8 7.1 1799
51-60 0.1 3 5.2 10 8.2 1448
61-70 0.2 3.2 6 10 7.4 862
>70 0.6 3 4.4 8.9 6.4 361
Overall 0.2 2.4 4.3 8.7 6.3 6139
Foraminal disc
herniation
18-30 0 0.2 0.3 0 0 584
31-40 0.1 0.2 0.2 0.1 0.2 1085
41-50 0 0.2 0.3 0.2 0.3 1799
51-60 0.1 0.2 0.2 0.3 0.1 1448
61-70 0 0.6 0.5 0.5 0.6 862
>70 0 0.3 0 0 0 361
Overall 0.01 0.2 0.3 0.2 0.2 6139

Values are percentages.
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Table 1 (cont.). Frequency of direction of herniation by age group.

Age group
C2-C3 C3-C4
Diffuse bulge
herniation
18-30 0 7.4
31-40 1.2 17.1
41-50 1.2 21.9
51-60 1.2 22.1
61-70 1.2 21.1
>70 1.2 17.7
Overall 1.2 19.4

Cervical spine level

C4-C5 C5-Cé Cé6-C7
9.6 " 8.4
18.2 18.8 18.8
20.8 23.2 26.7
22.1 26 29.5
21.6 26.2 30.5
28.8 23.5 29.9
19.8 22.4 24.9

Number of

patients

584
1085
1799
1448

862

361
6139

Values are percentages.

spine was used: T1-weighted sagittal (3 mm thickness,
TR/TE 700/10, matrix 384*384), T2-weighted sagittal
(3 mm thickness, TR/TE 3000/107, FOV 220mm, ma-
trix 384*384), T2-weighted axial (3 mm thickness, TR/
TE 4500/102, FOV 160mm, matrix 320*320) and STIR-
weighted sagittal (3 mm thickness, TR/TE 4000/57, FOV
220mm, Ti 220, matrix 320*320) sequences.

Statistical analysis

We used IBM SPSS Statistics for Windows, Version 19.0
(Armonk, NY: IBM Corp.). Descriptive statistics were
used to describe our sample population, including pa-
tient age and gender. One-way ANOVA was used to
study the relation between age and direction of IVD
herniation and age and presence of myelopathy. After
that we grouped our sample population by age to study
changes in patterns of both myelopathy and IVD herni-
ation in each age group (Table 1). Chi-square and the z-
test for proportions were used to analyze the relation of
age with level of myelopathy, age with herniation, and
direction of herniation with severity of herniation. These
tests were also used to study the relationships between
gender and both myelopathy and IVD direction (Tables
2, 3 and 4), with P value of less than .05 as significant.

RESULTS

MR images for 6139 patients were included in the study.
There were 2402 males (39.1%) with a mean (SD) age
of 49.6 (14.5) (range, 18-95) years and 3737 females
(60.9%) with a mean (SD) age of 48.1 (12.8) (range 18-
98) years. MR imaging records of 445 were excluded
due to a traumatic process (n=224), intramedullary tu-
mors (n=41), and transverse myelitis (n=17). Also ex-
cluded were 163 patients 18 years of age or younger.

From our study population of 6139 patients, 174 pa-
tients (2.8%) with a mean (SD) age of 60 years had my-
elopathy. The frequency of myelopathy increased with
age from 0.6% in patients less than 20 years, reaching
9.1% in patients over 70 years of age. The mean age of
myelopathy between each cervical level was significant-
ly different (P<.001), especially between C3-C4 (mean
[SD] age of 66 (12.3) years) and C5-Cé (mean [[SD]] age
of 55 (11.9) years) so that C5-Cé level was predominant-
ly affected by myelopathy in patients younger than the
age of 60 years. After the age of 60 years, the C3-C4
level became predominantly affected (Figure 2).

The frequency of central disc herniation was signifi-
cantly increased with age at all cervical levels (P<.001).
This increase occurred more in older age groups (Table
1). Upper cervical levels (C3-C4, C4-C5) had significant-
ly higher frequency of herniation in a central direction
compared with lower levels (C5-C6, C6-C7) (P<.001).

Herniation in the central direction was the most
common VD herniation associated with spinal cord
compression (grade 3 severity) (Table 2). At C3-C4
level, discs herniating in the central direction that were
compressing or abutting the spinal cord had a signifi-
cantly higher frequency of myelopathy compared with
other levels (P<.001, chi-square or z test). The highest
frequency of myelopathy was found with disc herniation
in the central direction at the C3-C4 level in patients
over 70 (Figure 2).

The higher frequency of disc herniation in the cen-
tral direction in males at C3-C4 (37.4% male, 33.0%
female) and C4-C5 (43.5% male, 36.0% female) levels
was statistically significant (P<.001, z test for propor-
tions) (Table 3). The overall frequency of myelopathy
was 5% in males and 1.5% in females. The level most
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Table 2. Frequency of compressed spinal cord (grade 3 severity) in each direction of herniation in all age groups.

Cc2-C3 c3-c4 C4-C5 C5-Cé6 C6-C7
Central 67 85 77 57 57
Left posterolateral 3 4 7 15 16
Right posterolateral 12 5 7 13 14
Foraminal 3 0 1 1 1
Diffuse Bulge 15 5 8 13 12
Values are percentages.
Table 3. Locations of IVD herniation at each cervical level by gender.
St posteer;tateral post::g:‘:teral Ao Diffuse bulge N::t‘it;i:: g
C2-C3 Male 2.1 0.3 0.2 0.0 1.7 2402
Female 1.4 0.1 0.1 0.0 1.3 3737
C3-C4 Male 37.4 3.7 3.3 0.3 19.4 2402
Female 33.0 1.7 1.8 0.2 19.3 3737
C4-C5 Male 43.5 5.2 4.3 0.3 18.9 2402
Female 36.0 4.3 4.2 0.2 20.4 373y
C5-C6 Male 323 10.9 10.7 0.3 22.1 2402
Female 30.4 9.6 7.5 0.2 22.5 3737
C6-C7 Male 20.0 9.7 8.3 0.2 25.1 2402
Female 19.8 6.2 5.1 0.2 24.8 3737
Values are percentages. (P<.001).
Table 4. Frequency of myelopathy in each gender.
C2-C3 C3-C4 C4-C5 C5-C6 C6-C7 Total number
Male 0 33 30 29 9 117
Female 2 25 23 47 4 57

Values are percentages. (P<.001).

134

commonly affected by myelopathy in males was C3-C4
(33%), while in females the level most commonly af-
fected was C5-Cé (47%) (Table 4).

Analysis of each cervical level

An age-related increase in the frequency of disc her-
niation was noted for herniation in the central direction
and for the left posterolateral direction. Other locations
(right posterolateral and foraminal) tended to stabilize
or even decrease in frequency around the age of 60.
The age-related increase in the frequency of central
disc herniation was more pronounced at upper cervical
levels (C4-C5 and C3-C4). There was a constant male-

to-female ratio in the frequency of IVD herniation of 1.9
to 1 at all levels except for C2-C3, which had a ratio of
1.5 to 1, while the male-to-female ratio for myelopathy
was 3.3 to 1. The mean (SD) age for developing IVD
herniation was 52 ( 0.5) years except for C2-C3 which
was 55 (13.5) years. Diffuse bulge disc was most com-
mon at the C6-C7 level with a frequency of 24%. The
frequency of diffuse disc bulge tended to decrease af-
ter the age of 60 at all levels except for C4-C5. The fre-
quency of diffuse bulge was slightly higher in females
at the C4-C5 and C5-C6 levels. C5-C6 was the most
commonly affected level for IVD herniation (71.7%) and
myelopathy (35.1%).
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DISCUSSION

CSM is a devastating disease of the aging spine. As < 0203

o C3-C4 C4-C5 © C5-Ceé o C6-C7

the size of the elderly population increases, more surgi- —
cal techniques like cervical disc replacement have be-
come available to manage the disease.” Several stud-
ies have shown that elderly patients with CSM have a
worse prognosis and surgical outcome than do younger T
patients."'*'¢ Possible reasons for this difference in-
clude age-related spinal cord changes in the form of
decreased gamma motor neurons and the presence of 50%
comorbidities."”

MR imaging is currently one of the best techniques
for diagnosing patients with cervical spine disorders. 259
It has high sensitivity for detecting disc disease and
showing the direction and severity of spondylopathy.®

MR imaging is also the most commonly used imaging

method for the accurate evaluation of the spinal canal." 18-
Several studies have proposed that there is an “up-

ward displacement” in the level at which myelopathy oc-
curs from mostly lower levels (C5-C6, C6-C7) in younger

patients to mostly upper levels (C3-C4, C4-C5) in the

elderly.?2" Factors relating to the higher frequency of
pathology at C3-C4 in the elderly include greater C3-C4
angulation associated with age-related postural change

Figure 2. Percentage of patients with cervical myelopathy (Y axis) in each age
group (X axis), total number of patients in each age group are shown below
the corresponding age group. Note that C5-C6 level is the most common level

and hypermobility at the C3-C4 segment compensating affected by myelopathy in patients below 66 years of age, after that age C3-C4

for decreased mobility at lower segments.?? Our find-
ings on myelopathy were in accordance with this idea
as there was a clear age-related upward shifting in our
patients after the age of 40. At the age of 66, C3-C4 be-
come the most common level affected by myelopathy
compared with younger age groups in which C5-C6 was
predominantly affected.

Electrophysiological studies can precisely determine
the level of conduction block in CSM.12 Surprisingly,
one study concluded: "A high frequency of focal con-
duction block at C3-C4 or C4-C5 with normal conduc-
tion at C5-Cé and C6-C7 characterizes cervical spon-
dylotic myelopathy in elderly people.”? This suggests
that pathological processes resulting in CSM in the el-
derly occur at the C3-C4 and C4-C5 levels. A limitation
of our study was the inability to get electrophysiological
data on our patients. However, we made an important
observation not yet clearly described in the literature:
central disc herniation at the upper cervical levels (C3-
C4 and C4-C5) increases remarkably with age (Table 1).
Central disc herniation found in the elderly are mostly
at the upper cervical levels (C3-C4 and C4-C5), which
are mostly the same levels affected by myelopathy in
the elderly.

At the same time, we also found that central disc
herniation is the most common direction associated
with cervical cord compression compared with other

become the most common level affected.

directions, which have milder severities. We also found
that central discs at the C3-C4 level are associated with
worse outcomes as more than 85% are compressing the
spinal cord compared to other levels (Table 2). Similarly,
Vyas et al showed maximal cord compression with
spondylotic changes affecting the C3-C4 level.?2 While
another study showed a good correlation between se-
verity of IVD herniation and myelopathy."

A study on the course of disc herniation respon-
sible for cervical myelopathy, which compared several
types of disc herniation in patients with CSM, found
that 87% of patients with myelopathy have a central
disc “median” penetration compared to only 13% for
paramedian penetration.? A similar outcome (regard-
ing myelopathy) was found between IVD herniation that
compressed and abutted the spinal cord (which has a
less severe compressive effect), a finding that can be
explained by the pathophysiology of CSM, which in-
cludes the release of proinflammatory mediators from
the herniated IVD material. Even touching the spinal
cord may be sufficient to release these mediators from
an VD, thus resulting in myelopathy.?* Upon analyzing
the frequency of each location and level of IVD hernia-
tion, we found a descending order: central, left pos-
terolateral, right posterolateral and finally foraminal. A
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study by Modic et al also found central disc herniation
to be most common.?

Previous studies on IVD herniation indicate that it
increases with age.??¢ We found that this is only true
for central disc herniation and partially true for left pos-
terolateral herniation . We noted that herniation keeps
increasing at all locations with age (including central)
reaching a peak around the age of 60. The discs then
stabilize or decrease except for herniations in central
locations, which continue to increase in frequency in-
crease in size even after the age of 70, becoming more
pronounced at upper cervical levels.

The male-to-female ratio of myelopathy was 3.3 to 1,
while for IVD herniation, the ratio was 1.9 to 1. The in-
creased prevalence in males might be explained by the
ratio between the cervical canal diameter to vertebral
body height, which was larger in females, thus delaying
the manifestations of degenerative changes.?”’

In a study of asymptomatic patients, the investiga-
tors found that the C5-Cé level was most commonly af-
fected by diffuse disc bulge. We found that C6-C7 was
the most common level.25 The descending order in our
study was C6-C7, C5-C6, C4-C5, C3-C4 then C2-C3.
The most common level affected by IVD herniation (re-
gardless of direction) was C5-C6 (1), which was also the
most commonly affected level affected in our middle
eastern population. The mean age of development of
IVD herniation in our population was at the upper limit
(54 years) of the range suggested by European studies
(45-54 years).?* We also found a constant male-to-female

CERVICAL DISC HERNIATION

ratio (1.9:1) at all cervical levels (except C2-C3 where
the ratio was lower), which is less than that found in
American studies (2.2:1).28

The limitations of our study included the inability to
access clinical data or electrophysiological studies for
our study population in order to correlate them with MR
imaging findings, and assess whether there was a differ-
ence in the severity of myelopathy between upper and
lower cervical levels, because many of our patients were
referred from other centers or clinics for MR imaging.

In summary, after analyzing cervical MR images for
a large number of patients referred for cervical spondy-
losis, we noted that central disc herniation is the com-
monest direction for cervical disc herniation overall. In
addition, the frequency of central disc herniation keeps
increasing with age, especially for upper cervical levels
including C3-C4 and C4-C5, unlike cervical herniation
in other directions. Regarding myelopathy, its frequen-
cy increases with age from 0.6% below the age of 20,
reaching 9.1% after the age of 70 years. This increase
in frequency of myelopathy associated with an upward
shifting in the most common level affected by myelopa-
thy, from being at C5-Cé below the age of 70 to C3-C4
level after the age of 70 years. The increased frequency
of central disc herniation with age suggest an important,
and probably a cause-effect relationship, between her-
niation and myelopathy.
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