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Temporal Association of Annular Tears and
Nuclear Degeneration: Lessons from the Pediatric

ORIGINAL .
researcH | Population
A. Sharma BACKGROUND AND PURPOSE: Studies done mainly in adults have shown an association between
M.S. Parsons annular tears and nuclear degeneration. We wanted to study this association in the pediatric population
T.K. Pilgram to better understand the natural history of disk degeneration in its early stages. We hypothesized that

this association is discernible even at a young age and that annular tears precede nuclear degeneration.

MATERIALS AND METHODS: Twenty-six children with back pain and known disk pathology were
identified from our radiology report data base. Two neuroradiologists independently evaluated T12
through S1 intervertebral disks in these images. One reader evaluated the disks for the presence and
type of annular tears. The other reader graded the signal intensity of the disks on an ordinal scale and
the extent of disk degeneration on the Pfirrmann scale. Mean degeneration and signal-intensity grades
were compared for disks with radial tears, disks with nonradial tears, and disks without annular tears.

RESULTS: Fifty-six disks had radial tears. These demonstrated significantly higher nuclear degenera-
tion grades and greater signal-intensity loss than disks with nonradial tears or disks with no annular
tears. About one third (30.3%) of the disks with radial tears had a normal nuclear signal intensity. Only
3% of disks with a signal-intensity grade of =3 had an intact annulus.

CONCLUSIONS: Nuclear degeneration in children is associated with radial annular tears and rarely

Animal studies have demonstrated that artificially induced
annular tears can result in subsequent nuclear degenera-
tion." Whether naturally occurring annular tears play a similar
role in the history of disk degeneration remains unknown.
Previous studies, mainly in adults, have demonstrated a strong
association between annular tears and nuclear degeneration®™*
and a faster nuclear degeneration in disks with annular tears.’
Intervertebral disks in the adult population have a high prev-
alence of both advanced nuclear degeneration and annular
pathology, making it difficult to establish whether annular pa-
thology precedes the nuclear degeneration or vice versa. A
study focused on the pediatric population can be expected to
provide a glimpse of the early stages of disk degeneration. The
relative distribution of annular tears and nuclear degeneration
in such a population can help us to better define the relative
timing of the appearance of annular tears and nuclear
degeneration.

Some excellent studies analyzing the process of disk degen-
eration have included some disk specimens from young pa-
tients.>*® However, representation from the first 2 decades of
life has been relatively small in these studies, ranging from 19
to 50 disks,’ possibly explaining a lack of direct statistical
analysis focused on the young disks. Studies that do focus on
the disk degeneration in children either have not included
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occurs in the absence of annular tears.

annular tears in their analysis'®"" or have mainly looked at the

clinical implications of annular tears.">

The purpose of our study was to look for the association of
annular tears and nuclear degeneration in the pediatric popu-
lation. We hypothesized that annular tears are associated with
nuclear degeneration in this group. We also hypothesized that
annular tears precede the appearance of nuclear degeneration.
On the basis of this hypothesis, we expected to find that most
disks showing nuclear degeneration also showed the presence
of annular tears. By the same token, we expected to find nu-
clear degeneration common in disks with annular tears but
not in those without.

Materials and Methods
This retrospective study was approved by the institutional review
board of our hospital.

Patient Selection. Twenty-six children with reported findings of
annular tear or disk herniation (protrusion or extrusion) on at least 1
level on prior MR imaging were selected from our radiology data base.
The subjects included 8 males and 18 females. They ranged in age
from 9 to 21 years (mean, 15.5 + 2.9 years). None of the patients
underwent diskography.

MR Imaging Analysis. The MR imaging was performed on 1.5T
(Magnetom Sonata; Siemens, Erlangen, Germany) or 3T (Magnetom
Trio; Siemens) scanners. All scans included sagittal and axial T2-
weighted turbo spin-echo images, which were used for the study. The
section thicknesses for sagittal and axial images were 3 and 5 mm,
respectively. The axial images were obtained in the plane of the disk.
TR ranged from 2090 to 7180 ms, whereas the TE values ranged from
112 to 149 ms. Two neuroradiologists read the studies independently.
A total of 156 disks were examined. One reader evaluated the disks
between the T12 and S1 segments for the presence of annular tears
and their conspicuity and noted whether a given annular tear had
characteristics of a radial tear. The second reader, in an independent
evaluation, graded the disks for extent of loss of central signal inten-
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Fig 1. Examples of nuclear degeneration and annular tears. A, Sagittal T2-weighted image of the lumbar spine in a 16-year-old girl with a grade 1 annular tear at L5-S1 level (arrow).
The tear is considered radial based on less conspicuous intermediate signal intensity extending across almost the entire thickness of the annulus (arrowhead). Nuclear degeneration is
noted at this level with loss of signal intensity and minimal height loss. This disk was graded 4 on both signal-intensity and degeneration scales. Note the absence of annular tears and
preserved signal intensity of the nucleus at L3—4 and L4-5 levels. B, Sagittal T2-weighted image of the lumbar spine from a 17-year-old boy with a grade 3 radial tear at L4-5 (arrow),
a grade 2 radial tear at L5-S1 (arrow), and a grade 3 nonradial tear (arrowhead) at the L3—4 level. Disks at all these levels were assigned a signal-intensity grade of 1 (L3—4 and L4-5)
or 2 (L5-S1) and a degeneration grade of 2. C, Parasagittal T2-weighted image demonstrates radial (arrows) and nonradial (arrowhead) tears in the foraminal zones of the disks in an
18-year-old girl.

sity on T2-weighted images and also assigned a degeneration grade to
the disk on the basis of a scale recommended by Pfirrmann et al.'?
Definitions of the various parameters obtained are given below.

Six of the patients were chosen for assessing the intraobserver and
interobserver variability of the imaging analysis. For this assessment,
both readers performed a comprehensive evaluation of the annulus as
well as the nucleus and then repeated these evaluations 10 days later.

Signal-Intensity Grade. A previously described ordinal scale was
used to assess the extent of signal-intensity loss on T2-weighted im-
ages involving the central aspect of the disk, from grade 1 through 6.
Disks were graded after assessing their entire extent on sagittal T2-
weighted turbo spin-echo images. Grade 1 was assigned to the disks
demonstrating normal bright signal intensity in the central portion,
whereas grade 6 implied complete absence of bright signal intensity in
the central portion of the disk. Grades 25 represented loss of signal
intensity affecting <25%, 26%-50%, 51%—75%, and 76%—-99%, re-
spectively, of the central aspect of the disks.

Degeneration Grade. The extent of disk degeneration was also
graded on a scale recommended by Pfirrmann et al.'” In addition to
signal-intensity loss, this scale takes into account multiple other mor-
phologic changes observed in the degenerated disks, such as blurring
of the interface between the annulus and the nucleus pulposus and
loss of height.

Annular Tear and Annular Tear Conspicuity. The presence of
any hyperintense signal intensity within the peripheral annulus was
considered to represent an annular tear (Fig 1). The conspicuity of the
annular tears was graded on a scale ranging from 1 (signal intensity
matching that of CSF) through 4 (presence of probable subtle inter-
mediate signal intensity in the peripheral annulus) (Fig 1A—C).
Grade 2 tears represented an obvious hyperintensity, though less in-
tense than CSF. Grade 3 was assigned to tears showing definite but less
conspicuous intermediate signal intensity in the peripheral annulus.
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For tears varying in conspicuity along their extent, the grading was
based on the most conspicuous region (Fig 1A). The entire circum-
ference of the disk was evaluated to assess annular integrity.

Radial Tear. An annular tear was characterized as radial if abnor-
mal signal intensity was seen extending from the innermost aspect of
the annulus through almost the entire thickness of the annulus, at
least into its outer third (Fig 1A—C).

Statistical Analysis. The intraobserver and interobserver variabil-
ity was measured by calculating the k statistic. Mean signal-intensity
grade and mean degeneration grades were compared for disks with
and without annular tears, and the differences were tested for statis-
tical significance with the Wilcoxon rank sum test. These analyses
were performed for all disks collectively and for subgroups corre-
sponding to upper (T12 through L3) and lower (L3 through S1) spinal
segments. Mean signal intensity and degeneration grades were also
calculated and compared for disks with radial tears, disks with non-
radial tears, and disks with no annular tears. These differences were
tested for statistical significance with the Kruskal-Wallis test. All sta-
tistical analysis was performed by using JMP 6.0 (SAS Institute, Cary,
NC). A P value < .05 was considered significant.

Results

K Analysis

There was substantial-to-almost-perfect intraobserver agree-
ment for signal-intensity and degeneration grading, with k
ranging from 0.77 to 0.87.'* Intraobserver agreement was al-
most perfect for 1 reader for annular tear identification and its
characterization as radial (k, 0.93-1). Intraobserver agree-
ment was fair to moderate for the other reader (k, 0.38—0.57).
Interobserver agreement was fair to moderate for annular tear
identification, radial tear identification, signal-intensity grad-



Table 1: Distribution of signal-intensity grades and annular tears

Signal-Intensity Grade

1 2 3 4 5 6
Disks with no annular tears (n = 62) 44 (70.96%) 16 (25.81%) 2(3.22%) 0(0.00%) 0(0.00%) 0(0.00%)
Disks with nonradial tears (n = 38) 22 (57.89%) 10(26.31%) 6(15.79%) 0(0.00%) 0(0.00%) 0(0.0%)
Disks with radial tears (n = 56) 3(5.35%) 14 (25.00% 11(19.64%) 11(19.64%) 15(26.78%) 2(3.57%)
Total (N = 158) 69 40 19 " 15 2

Table 2: Distribution of degeneration grades and annular tears

Degeneration Grade

1 2 3 4 5
Disks with no annular tears (n = 62) 27 (0.00%) 32(79.45%) 3(20.54%) 0(0.00%) 0(0.00%)
Disks with nonradial tears (n = 38) 12 (31.58%) 22 (57.89%) 4(10.53%) 0(0.00%) 0(0.00%)
Disks with radial tears (n = 56) 0(0.00%) 14 (25.00%) 18(32.14%) 21(37.50%) 3(5.36%)
Total (N = 158) 39 68 25 21 3
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Fig 2. Boxplots of signal-intensity grades (4) and degeneration grades (B) of disks without annular tears, disks with nonradial tears, and disks with radial tears showing significantly higher
signal-intensity and degeneration grades for disks with radial tears compared with the other 2 groups.

ing, and degeneration grading (k: 0.27, 0.52, 0.46, and 0.39,
respectively).

MR Imaging Assessment

Ninety-four disks (60.2%) had annular tears (Tables 1 and 2).
Of'these, 56 (59.5%) were characterized as radial. The segmen-
tal distribution of the tears revealed an increase along more
caudal segments of the spine for all tears in general and radial
tears in particular. Most tears (45 disks, 47.8%) were graded 3
on the conspicuity scale. Almost all of the remaining tears were
classified as grade 2 (35 disks, 35. 2%) or grade 1 (12 disks,
12.8%).

Of 62 disks without annular tears, 60 (96.7%) demon-
strated relatively preserved signal intensity, with signal-inten-
sity grades of 1 and 2 (Table 1). There were only 2 disks (3.2%)
without annular tears that showed a signal-intensity grade of
=3. In contrast, 45 disks (46.7%) with annular tears demon-
strated a signal-intensity grade of =3. This contrast was even
more apparent when radial tears were considered in isolation.
In this subgroup, 39 disks (69.6%) demonstrated a signal-in-
tensity grade of =3 (Fig 1A). Seventeen disks with radial tears
(30.3%) demonstrated preserved signal intensity with a grade
of 1 or 2 (Fig 1B). Similar trends were seen for the distribution

of degeneration grades among disks without and with annular
tears (Table 2).

Disks without annular tears demonstrated a mean signal-
intensity grade of 1.32 % 0.53 and a degeneration grade of
1.61 * 0.58. Mean signal-intensity and degeneration grades
for disks with annular tears were 2.71 = 1.46 and 2.64 * 1.06,
respectively. The differences were statistically significant (P <
.0001, Fig 2). Disks with radial tears showed significantly
higher signal-intensity and degeneration grades (3.4 £ 1.36
and 3.2 * 0.89, respectively) when compared with disks with-
out annular tears or disks with nonradial tears (P < .0001, Fig
2). No significant differences were noted for signal-intensity
and degeneration grades for disks with nonradial tears and
disks without annular tears (P = .1 and .16, respectively) (Fig
2).

Discussion

Our results demonstrate that a strong association of annular
tears and nuclear degeneration is observed even in a pediatric
patient population, an age group likely to reflect relatively
early stages of the natural history of degenerative disk disease.
Annular tears and nuclear degeneration were associated, even
when the upper and lower segments of spine were evaluated
separately, to minimize the possible confounding effects of
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axial loading. Although this association has been suspected on
the basis of prior studies,”>*'? it has not been clearly estab-
lished in the pediatric population. On the basis of our prior
experience with the adult spine, these results are not surpris-
ing. However, the present results suggest that significant
changes in both the nucleus and the annulus appear soon after
the process of disk degeneration is initiated (Fig 1A). The disks
with annular tears demonstrated a mean degeneration grade
of 3.2 on the Pfirrmann scale in our study. The presence of
such advanced nuclear degeneration at a young age indicates
that degenerative disk disease is a pathologic state distinct
from aging. The similarity in the mean degeneration grade of
these pediatric disks to the previously reported value of 3.1 in
the adult population also suggests that the temporal course of
nuclear degeneration in the pediatric and adult populations is
probably similar, having more to do with the time of onset of
the degenerative process rather than with the age of the
patient.”

Our results highlight the importance of radial tears in the
process of disk degeneration, as has been stressed by previous
authors.””"* In our study, the appearance of nuclear degener-
ation was restricted mainly to the disks with radial tears. As
noted above, no significant differences were found in signal-
intensity and degeneration grades for disks with nonradial
tears and disks without annular tears. The role of nonradial
tears in the process of disk degeneration remains unclear. Pre-
vious authors have discussed the mucinous degeneration or
annular disorganization occurring in the annulus before the
appearance of concentric annular tears.”'® It is also possible
that nonradial tears may weaken areas along the annulus,
making it more prone to further injury and probable conver-
sion to radial tears at a later date. More longitudinal studies
will be needed to explore this further.

In our series, it was rare to see disks with a signal-intensity
grade of >2 in the absence of concomitant annular tears. An-
nular tears were noted in 45/47 of such disks. However, patchy
areas of signal-intensity loss in the nucleus, restricted to <25%
of its volume, could be seen in the absence of any annular tears.
These results are similar to those of previous studies highlight-
ing the differences in the histopathology of intervertebral disks
of small children compared with those of adults. Yu et al>"
and Ho et al” have described an increasing fibrous content of
the nucleus from “immature” disks in the first 2 years of life to
the “adult” disks after maturation, with the appearance of a
well-defined firm fibrous band along the equator of the disk.
Similar changes in the nucleus have been reported by Haefali
et al,’ who noted the presence of fibrous tissue peripherally in
38.4% of disks from individuals 11-30 years of age.

The presence of such patchy areas of fibrous tissue proba-
bly accounts for most of the grade 2 disks in our series. It is
likely that many of the small areas of loss of T2 signal intensity
reflect maturation of the disk during early development in
response to upright posture soon after infancy and to increas-
ing demands of axial loading during childhood and adoles-
cence. This process of maturation, however, does not produce
more significant loss of signal intensity. In a study of the signal
intensity of normal intervertebral disks, Sether et al® showed
that normal intervertebral disks demonstrate some, though
mild, age-related decrease in signal intensity on T2-weighted
images. Our results also indicate that though minimal nuclear
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signal-intensity loss may be seen normally, more pronounced
loss of signal intensity mostly denotes a pathologic process,
almost always occurring in the presence of radial annular
tears.

Although a pronounced loss of signal intensity of the nu-
cleus pulposus was almost always accompanied by annular
tears in our series, the converse was not true. This distribution
of signal intensity and degeneration grades supports our sec-
ond hypothesis that annular tears appear earlier than the nu-
clear degeneration. Both radial and nonradial tears were found
in disks with preserved signal intensity of the nucleus pulposus
(Fig 1B). Disks with signal intensity and degeneration grades
of =2 accounted for 30.3% and 25% of all radial tears, respec-
tively. Similar distribution of signal intensity and degenera-
tion grades in disks with and without annular tears has been
described in the adult population.® These results are, however,
discordant with the observations of some prior investiga-
tors.”'* Haefeli et al” found that radial tears were relatively
rare in first 2 decades of life, and nuclear clefts preceded radial
and concentric tears.” There are a number of factors that may
explain these differences. First of all, the disks in the 2 studies
are from very different populations. Although all our patients
had back pain or radiculopathy necessitating an MR imaging,
disks in the study by Haefeli et al were from routine postmor-
tem examinations of patients with no history of back pain.
This certainly would explain a much higher prevalence of an-
nular tears in our study. It is also possible that they missed
some of the radial tears because they evaluated only midsagit-
tal specimens for the age group in question.

Because we were evaluating the entire extent of the circum-
ference of the disk, we were in a better position to notice radial
tears in planes other than midline (Fig 1C). Despite this ap-
parent discordance, a significant association between nuclear
clefts and radiating annular tears was found in the study of
Haefeli et al as well.” They also found 10 disks from subjects
who died after the first 2 decades in which the radial tears were
seen in the absence of nuclear clefts. We found a higher prev-
alence of annular tears than nuclear degeneration in our study,
which contrasts with the observations of Kjaer et al.'*> The
prevalence of signal-intensity loss reported by them was
higher relative to that of annular tears. They reported almost
21.2% disks with abnormal signal intensity (defined as inter-
mediate or hypointense signal intensity) but only 7.3% disks
with annular tears (including 5.0% of disks with “high-inten-
sity zones”). Although the exact definition used by Kjaer et al is
not entirely clear from their article, we think that this apparent
discordance may partly be due to the fact that all our scans
were obtained on a 1.5T or 3T scanner in contrast to the 0.2T
scanner used in their study. Another contributing factor might
be the fact that our definition of annular tears included all
degrees of signal-intensity alteration within the annulus. As
noted before, almost half of the annular tears in our study were
graded 3 on the conspicuity scale, representing intermediate
signal intensity within the annulus. Given that almost 70% of
annular tears in the series of Kjaer et al were categorized as
“high intensity zones,” it is likely that they focused mainly on
the annular tears that were more readily evident, probably
similar to those graded 1 or 2 on our conspicuity scale.

A definite determination of the exact timing of annular
tears and their temporal association with nuclear degeneration



is challenging and will require a prospective long-term fol-
low-up of normal disks, with relatively frequently repeated
imaging. However, common occurrence of annular tears
(both radial and nonradial) in disks with preserved signal in-
tensity of the nucleus pulposus and paucity of disks with im-
aging-evident nuclear degeneration in the absence of annular
tears suggest that most annular tears appear before the changes
of nuclear degeneration manifest on MR imaging.

Our study has some limitations. In view of relative rarity of
disk degeneration in children, we chose to include patients
with at least 1 level of proven disk pathology. Due to this se-
lection bias, the absolute prevalence of disk pathology in our
population is certainly not reflective of the general population.
We attempted to minimize reader bias by having different
readers evaluate 2 main components of the hypothesis (ie,
annular tears and nuclear degeneration). Although there is no
diskographic proof, MR imaging has been shown to be a fairly
sensitive and highly specific technique for the diagnosis of an-
nular tears, including radial tears.'”” Our k analysis demon-
strated only fair interobserver agreement for annular tear
identification and conspicuity. Corresponding values, how-
ever, were better for radial tears and assessment of nuclear
signal intensity and degeneration.

Conclusions

Annular tears show a strong association with nuclear degen-
eration even in the pediatric population. This association is
mainly based on radial tears. The distribution of signal-inten-
sity and degeneration grades suggests that annular tears ap-
pear before the changes of nuclear degeneration become ap-
parent on MR imaging.
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