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The histologic structure of 104 lumbar intervertebral discs from 21 cadaveric spines was compared with
discographic (DG) and magnetic resonance imaging (MRI) findings to improve their interpretation. Furthermore
the histology of herniated and non-herniated discs from elderly persons was studied. Using specific stains
the annulus fibrosus and the nucleus pulposus were investigated for degenerative and regenerative altera-
tions. DG revealed high sensitivity only for late and highly pathologic alterations. MRI's sensitivity for nuclear
degenerative alterations was higher than DG's. None of the two radiographic medhods achieved satisfactory
sensitivity for annular tears and dissociation. High specificity (1,0 with MRI; 0,8 with DG) was only achieved
for the loss of acid mucopolysaccharides (MPS) in nucleus.

Herniated discs of the elderly revealed increased degeneration of the nucleus pulposus. Reduced collagen
fibers and scars as well as increased tears and dissociation where found in the annulus fibrosus of herniated
discs. A considerable increase of morphologically regenerative processes in the annulus and nucleus of her-

niated discs was seen.

tion.

INDRODUCTION

Diagnosis of intervertebral disc disease is to a great
extent based on radiographic methods. This diagnostic
information, however, is not always easy to interpret
as the scructural composition cannot be seen directly
and a correlation between radiographic abnormalitics
and objective clinical findings does not always exist.
Pathologic radiographic findings of disc degeneration
are present in both asymptomatic and symptomatic
patients. Although pathoanatomic alterations of discs
can be scen very clearly by means of microscopy, his-
tology of the intervertebral disc has no influence on
the diagnosis of intervertebral disc disease or preopera-
tive surgical considerations. Thus histologic investi-
gations of surgically removed specimens are not regu-
larly performed and little is known about the
relationship between histopathologic and radiographic
abnormalities.

Herniated nucleus pulposus of the lumbar spine
represents a common spinal disorder that especially af-
fects patients Iess than 50 years of age. Disc disease in
patients over 50 years is rather caused by disc degener-
ation than by herniation. This low incidence may be
the reason why most of the literature refers to disc her-
niation of younger paticnts.
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We compared histopathologic features of disc de-
generation with radiographic findings to improve their
interpretation. Furthermore we compared the histology
of discs from elder persons with radiographic signs of
herniation to those with non-herniated discs.

METHODS

104 Lumbar intervertebral discs (Ievels Th12/L1 to
L5/S1) from 21 cadaver spines (>60y n = 16; 50 - 60y
n = 4; 30 - 40y n = 1) without history of surgical
treatment were investigated. magnetic resonance imag-
ing (MRI) and lumbar discography (DG) were per-
formed in order to examine the discs for severe degen-
eration and to differentiate between herniated and non-
herniated discs.

Specimens were obtained as trephine discs by trep-
anation from ventral to dorsal. Media for preservation
were formalin (2-10 days), aqua destillata (2 hours),
ethanol 60%, 80%, 100% (2 hours each) and xylol
(2x2 hours). Microtome sections (12 Hm) were cut
from paraffin blocks with a special disposable knife
blade for bone. Using different stains (ITematoxylin-
Eosin, Elastica van Gieson, Mowry!!, Prussian Blue,
von Kossa) as well as polarizing microscopy for ex-
amination of bircfringence the histomorphology of the
annulus fibrosus and the nucleus pulposus was studied
seperately (Tab. 1).

Degenerative alterations were characterized by an-
nular tears, increase of tissue dissociation in the annu-
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Table 1: Methods: Stains or techniques conducted for histologic diagnosis

Stains (techniques)
conducted

Histologic parameter

Criteria for
histologic diagnosis

Hematoxylin-eosin

Elastica van Gieson

Mowry

Prussian blue

Von Kossa

Numbers of cells
(chondrocytes and
fibrocytes)
Chondrocytic halo
Annular tears
Tissue dissociation
(necrosis-like lytic alteration)
Clusters (more than
three cells
aggregated)
Scarring
Vascularisation

Collagen fibers

Matrix-MPS
Synthesis of MPS in
clusters

Iron deposits
(residues of prior bleeding)

Calciumcarbonate, -
phosphat

Highest and lowest

number of cells in an area of
1mm? at a magnification of 100
Widening

Number and length

Number and extent

Number of nuclei and
frequency of
occurence

Number and length
Positive

Density and intensity
of red staind fibers

Extent of blue stained area
Intensity and area of blue stained
substances in clusters or in halo
around chondrocytes and clusters

Extracellular, blue
stainded

Positive,

extracellular, brown stained

Polarizing microscopy

Calciumpyrophosphate dihydrate
(chondrocalcinosis)

Positive birefringence

lus, vascularisation, iron deposits, cal-
cification of the matrix, scarring, loss
of acid mucopolysaccharides (MPS) in
the matrix of the nucleus pulposus,
and an increase of collogen fibers in
the nucleus. Cluster formation, synthe-
sis of MPS in the clusters, width of
chondrocytic halo, and increased num-
bers of cclls (fibrocytes and chondrocy-
tes), were considered regenerative fea-
tures.

RESULTS
Part I: Comparison of histo-
pathologic features

of degeneration and

radiographic findings

66 discs (64%) were considered de-

generated by DG and 55 discs (53%) by
MRI (Tab. 2).

Table 2: Sensitivity and specificity achieved by MRI ad DG
for histopathologic features of disc degeneration

Histopathologic feature
(degeneration positive)

Sensitivity Specificity

DG MRI DG MRI
Annular tears n=311]0611] 052 ] 038] 045
Annular tissue n=231]0,70 | 0,65 | 0,38} 0,5
Dissociation
Vascularisation =18110,83 | 0,78 | 0,41 | 0,52
Iron deposits =3 |1,0 1,0 0,38 | 0,48
Chondrocalcinosis =13 11,0 0,92 | 0,43 | 0,53
Calciumcarbonate, n=131]0.77 10,92 | 039 ] 0,53
-phosphate ‘
Loss of MPS in nucleus n=65]065}| 0,80 | 080] 1,0
Increase of collagen n=38|0,71 | 0,76 | 0,51 | 0,68
fibers in nucleus Scarring| n=19 /0,84 | 0,79 | 0,42 | 0,52
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parameters with either MRI or DG.
With MRI high sensitivity as well
as high specificity was observed
only for the nuclear parameter of
loss of MPS.

Part II: Comparison of
the histopathology of radio-
graphically diagnosed herni-
ated discs with non- herniat-
ed discs from elder persons

Protrusion or nuclear herniation
was found in eight discs of six dif-
ferent spines (levels L2/3 n=1, L3/
4 n=5; age: 50-60a n = 2; >60a n
= 6). In the control group without
herniation 49% were considered de-
generated with MRI and 58% with
DG.

Within the degenerative features
both the annulus fibrosus and the
nucleus pulposus of herniated discs
showed a considerable loss of MPS.

Figure 1.a. discography

Figure 1: Morphology of lumbar discs without signs of degen-

eration

Both radiographic methods confirmed our histo-
morphologic diagnosis of degeneration with a high
sensitivity for many, but not all criteria. With disco-
graphy a sensitivity below 0.7 was achieved for annu-
lar tears and for the loss of MPS in the nucleus pulpo-
sus. All discs revealing iron deposits and chondro-
calcinosis were considered degenerated by DG. MRI
exhibited a lower sensitivity than DG, except for the
following parameters: increase of collagen fibers in
the nucleus, the loss of MPS in the nucleus and cal-
cium deposits (calciumcarbonate, -phosphate). Lowest
MRI sensitivity was found for solely annular criteria.

Compared with the mainly high sensitivity for
pathologic histology, high specificity was only
achieved for the loss of MPS in the nucleus. For that
criteriuin MRI demonstrated a higher specificity than
DG. For increase of collagen fibers in the nucleus
only MRI showed a slight specificity of 0.68. Despite
higher specificity of MRI than that of DG for all crite-
ria no satisfactory results were obtained for any other

Figure 1.b.
macroscopy

An increase in calcification was seen
more frequently in the nucleus than
in the annulus of herniated discs.
The percentage of discs with high
collagen fiber density in the nucleus
was increased in herniated discs,
whereas the annuli of herniated discs
exhibited high collagen fiber density in a lower per-
centage than non-herniated discs. Scarring, vascularisa-
tion and tissue dissociation revealed opposite changes
in the annulus and nucleus. Compared to non-
herniated discs there was a decrease in scarring and vas-
cularisation in the annulus and an increase in the nu-
cleus. Tissue dissociation however was increased in
the annulus and decreased in the nucleus.

Regenerative processes were increased in herniated
discs in the annulus as well as the nucleus. Heriated
discs showed a significant increase in cluster forma-
tion, especially in the nucleus. Synthesis of MPS in
clusters, aggregation of MPS in halo surrounding
clusters and widening of the chondrocytic halo could
be seen in all of our herniated annuli and nuclei. None
of the herniated discs showed reduced numbers of cells
in the annulus. In the nucleus reduced cell numbers
were also less frequent than in non-herniated discs.

DISCUSSION
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Figure 2.a. discography

Figure 2: Morphology of lumbar discs with severe degenera-

tion

Radiographic and histologic diagnosis basically
differ in their means of asessing the state of vertebral
disc degenceration. Thus a single histologic parameter
cannot be correlated directly with the complex radio-
graphic findings. The influence of specific histomor-
phologic alterations on diagnosis using DG and MRI,
however, can be asscessed by gaining sensitivity and
specificity for that structural alterations. Our histolog-
ic criteria chosen for evaluating disc degenceration are
commonly accepted indicators of disc degeneration in
pathology 23912,

Prior studies have demonstrated that changes in the
discographic pattern seen on discography parallel mor-
phologic changes of disc degeneration . This was con-
firmed by our results only for late, highly pathomor-
phologic changes!-8.

Loss of MPS in the nucleus and annular tcars are
pathophysiologically important fcatures of disc degen-
eration. The sensitivity achieved for thesc criteria was
clearly lower than for later and more severe alterations

Figure 2.b.
macroscopy

such as residues of prior hemorrhage
(iron deposits), vascularisation and
calcification.

Based on the fact that high speci-
ficity was achieved only for the loss
of MPS in the nucleus it must be
concluded that within our investigat-
ed criteria, the presence of high
amounts of MPS is the only param-
eter that has influence on a disc be-
ing considered normal by DG.

The MRI has proved an adequate
diagnostic tool to recognize degener-
ative processes at an early stage* >
10 Changes seen with MRI give in-
formation as to the state of hydra-
tion of the disc and therefore allow
inferences to be drawn regarding pro-
teoglycan content* 10,

This was confirmed by the high
specificity (1, 0) as well as the high
sensitivity (0, 8) for the loss of
MPS in the nucleus. The associa-
tion of increased collagen fibers in
the nucleus and reduced hydration
was expressed by a sensitivity of
0.76 and a specificity of 0.68. As
low specificity shows, none of our
other criteria seem to have any in-
fluence on a disc being considered
normal by MRIL

Discs with histological signs of degenceration were
found to be pathologic to a high degree, with excep-
tion of annular tears and annular dissociation. Micro-
scopically even very small tears and slight tissue dis-
sociation can be seen, which might be too discrete to
change the signal intensity. We also agree with Korn-
berg’, who explained the low sensitivity of MRI for
annular disruption with the interval of time necessary
between the development of disruption and the loss of
sufficient water content to be reflected on MRI as de-
creased signal intensity.

Lumbar disc hemiation is thought to be rare in eld-
erly people since the nucleus already shows dehydra-
tion and therefore reduced internal pressure. Disc herni-
ation was found in only 8% of the discs we
investigated. None of our herniated discs showed nor-
mal MPS in the matrix either in the annulus or in the
nucleus, so that pathogenetic factors other than the
high hydrostatic pressure in the nucleus must be of
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cleus (lacunae)

Figure 3.b.

sue in the outer annulus fibrosus

Figure 3: Histology of lumbar discs (nuceus pulpo-

sus and dorsal annulus fibrosus)

importance. Hirsch® hypothesized that disc herniation
is a manifestation of disc degeneration. No ruptures
occur in an annulus without the nucleus showing ad-
vanced structural changes.

Our results underline these opinions, as degenera-
tive alterations were found more frequently in the nu-
clei of herniated discs than in non-herniated discs. We
also regard reduction of -to our opinion- physiological
dissociation in a nucleus as a pathologic expression,

without degeneration (see Fi’g. 1) regu-
lar structure of the annulus fibrouss; tis-
sue dissociation in and arround the nu-

severe annular degeneration (see Fig.
2) excessive tissue dissociation, annu-
lar tears and protrusion of nuclear tis-

referring to insuffient nutritional supply. In a
normal nucleus, dissociation improves the
distribution of nutritional influx and guaran-
tees quick metabolic efflux.

The annuli of herniated discs exhibited in-
creased tears and dissociation and reduced col-
lagen fiber density and scarring, these being
features of an annulus with low mechanical
stability. This structural composition of a de-
hydrated, fibrotic, scarred and calcified nucleus
and a torn, dissociated annulus fibrosus with
reduced collagen fibers and scars creates a situ-
ation where compressive load might extrude
nuclear tissue more easily.

Morphologically reparative processes
must be distinguished from degencrative alter-
ations. Increased cellular turnover with widen-
ing of the chondrocytic halo, chondrocytic
proliferation in clusters, and increased synthe-
sis of mucopolysaccharides in clusters must
be considered futile regenerative processes.
Compared with non-herniated discs, these al-
terations were increased in the annulus and the
nucleus as well. It is still not clear whether
these processes are only determined by the
pathogenesis of disc herniation. So far, how-
ever, we could show that these regenerative
processes do not stop with increasing age, but
also occur in discs of old people.

CONCLUSIONS

1. Severe pathomorphologic degenerative
alterations were detected with high sensitivity
by both radiographic methods.

2. Pathologically important degenerative
alterations in the nucleus are better detected
by MRI than by DG.

3. Despite higher sensitivity for annular
tears and dissociation in DG than in MRI,
none of the radiographic methods detected
these changes with satisfactory sensitivity. It
must be considered, however, that even very discrete
discontinuities can be recognized by microscopy.

4. High amounts of MPS is the main criterion
for a disc being considered normal. Absence of all the
other degenerative features we investigated seems to
have no influence on a disc being judged normal.

5. The structure of herniated discs from ederly
persons can be characterized by advanced degeneration
in the nucleus, reduced mechanical stability in the an-
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