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ULTRASTRUCTURE OF PROLAPSED DISC 
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Prolapsed tissue and removed interspace contents were obtained during 
hemilaminectomy for disc prolapse. The ultrastructure of the tissue 
was studied. Division of the material into annulus fibrosus and nucleus 
pulposus proved to be inaccurate. Chondrocytes were always the pre- 
dominant cell type and could be classified into normal, cloning and 
necrotized types. Matrix vesicles were found in  relation to the haloes 
of chondrocytes and seemed to be products of disintegratcd chondro- 
cytes. Findings of crystals in the vesicles were rare. The intercellular 
substance showed degraded collagen fibrils, which could be seen in 
spindle shaped cells as well. A dense amorphous material interpersed 
with collagen fibrils seemed to be a glycoprotein. A few elastic fibres 
were found, but without any evidence of severe degeneration. These 
findings represent changes occurring in  cells and in  the intercellular 
substance. 
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Knowledge of the ultrastructure of un- 
displaced human discs is based on exam- 
inations of necropsies from normal 
spines (SylvCn et al. 1951, Watanabe 
1960, Dahmen 1963, Gomibuchi 1964, 
Render 1971, Inoue 1973, Takeda 1975, 
Inoue & Takeda 1975) and biopsy mate- 
rial from scoliotic spines obtained during 
surgical operation for wedge resection 
(Cornah et al. 1970, Meachim & Cornah 
1970, Meachim 1972).  

Hence, the interpretation of the ultra- 
structural findings on a prolapsed disc is 
hampered by incomplete knowledge of 
the structure of the fresh normal disc, 
and, furthermore, by specific difficulties 

1 Supported by a fellowship from the Danish 
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due to  the mixed nature of prolapsed 
specimens (Brown 1971).  

These may be the reasons why no com- 
prehensive study on the ultrastructure 
of the displaced intervertebral disc has 
been carried out sinte 1963-64 when Dah- 
men, Happey et al. and Gomibuchi re- 
ported their findings. Because of the less- 
developed preparation technique they 
used, a more detailed ultrastructural 
picture of prolapsed discs is still un- 
available. 

MATERIAL AND METHODS 

Specimens mere obtained during hemilaminec- 
tomy for disc prolapse from six patients (three 
males and three females) ranging from 31 to 
70 years of age. The patients had had significant 
clinical symptoms for  2 to 9 months. The level 
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Figure 1 .  A chondrocyte surrounded b y  a halo consisting o f  a pericellular lacuna ( P )  and f i n e  col- 
lagen fibrils  ( F ) .  Outside the halo a collection o f  matr ix  vesicles (ICIV). X 6,000. 
Inset: Proteoglgcan granules are seen in t h e  pericellular lacuna. Ruthenium-red stain. X 60,000. 

of herniation was L, or  L,. According to sur- 
gical findings, five patients had a protruded disc. 
One disc was found to be ruptured. 

According to their anatomical position, the 
tissue specimens were classified into a herniated 
part and an intervertehral part. 

The tissue specimens were fixed in  a 6 per 
cent glutaraldehyde solution in 0.1 M cacodylate 
buffer a t  pH 7.4 with 7.5 sucrose at  4" C, and 
osmicated with 1 per cent osmic acid. After de- 
hydration of the specimens in graded alcohols, 
they were cmbedded in  Epon 812 and ultrathin 
sections were stained with uranyl acetate and 
lead citrate. Some sections were also stained 
with ruthenium red (Kobayasi & Asboe-Hansen 
1971) and periodic acid silver proteinate (ThiCry 
1967). 

A Siemens electron microscope was operated 
at 80 kV with double condensors. 

OBSERVATIONS 

The chondracytes were surrounded by a 
halo consisting of a pericellular lacuna 
and an outer fibrillar ring. Three dif- 
ferent types of arrangements could be 

identified. In  one type, a single oval cell 
was found to be surrounded by a thick 
fibrillar ring made up of collagen fibrils 
with a diameter of 100-200 A (Figure 1 ) .  
Inside this, the pericellular lacuna con- 
tained numerous granules with delicate 
branches. The granules stained with ruth- 
enium red, representing high contents 
of proteoglycans (Figure 1 inset). The 
chondrocyte showed a large nucleus with 
one nucleolus. The cytoplasm contained 
Golgi cisternae, distinct granular endo- 
plasmic reticulum, a few mitochondria, 
lysosomes and fat droplets. 

A second type of arrangement con- 
sisted of one or several cells encircled 
by one common halo (Figure 2 ) .  The 
halo was formed of an outer narrow 
fibrillar part and an inner broad proteo- 
glycan part. The cells had short cyto- 
plasmic processes which did not reach 
the fibrillar ring. The cells contained a 
well-developed granular endoplasmic re- 
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Figure 2. Chondrocytcs surrounded b y  one c o m m o n  halo. Broad pericellular lacuna ( P ) .  T h i n  f ibr i l -  
lar ring (F) .  Matrix vesicles (MV) .  X 6,000. 

Inset a :  Detail of dilated Golgi cisternae containing proteoglycan f igures.  X 60,000. 

Inset b: Glycogen particles (GP)  in the  cgtoplasm of a chondrocyte. Periodic acid si lver proteinate. 
X 30,000. 

Figure 3. Necrotic chondrocute ( N ) .  Lots  o f  matrix vesicles (MV)  are seen in the  pericellular lacuna. 
X 6,000. 

Inset a :  Pleomorphic ma t r i x  vesicles Iging in cluster format ion .  X 60,000. 

Inset b: Matrix vesicles at  t he  surface o f  necrotic chondrocyte. The  p lasma membrane  is disrupted. 
X 60,000. 
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Figure 4 A .  A spindle shaped cell containing collagen fibrils .  x 15,000. 

Figure 4 B. Detail o f  engulfed collagen f ibr i l s  (as ter i sks) .  X 60,000. 

ticulum, mitochondria, lysosomes, and 
dilated vesicles. The Golgi apparatus was 
dilated with proteoglycan figures in the 
cisternae (Figure 2 inset a ) .  Fat droplets 
and numerous PAS-positive glycogen 
particles were deposited in the cytoplasm 
of some of the cells (Figure 2 inset b ) .  

The third type of arrangement con- 
sisted of one or occasionally two cells 
surrounded by an often poorly defined 
fibrillar ring. The cells were necrotic and 
had a dark cytoplasm with lucent spaces 
containing proteoglycan figures (Figure 
3 ) .  The cytoplasmic details could not be 
identified except for the large fat drop- 
lets. In the immediate vicinity of the cell 
surface, large numbers of membrane-in- 
vested vesicles were found (Figure 3 
inset b ) .  

A common finding in all the observed 
haloes was the presence of membrane- 
bounded vesicles located immediately 
outside the fibrous ring. They often 
appeared at one side of the periphery, 
lending the group a semilunar shape in 
section. In the first two of the above- 
described chondrocyte arrangements, the 

vesicles were never found inside the halo. 
The individual vesicle was round, oval or 
kidney shaped (Figure 3 inset a ) .  The 
size varied from 500 to 3,000 A with a 
modal value of approximately 1,000 A. 
I t  was bounded by a double membrane 
and contained a material of varying den- 
sity. However, empty vesicles were also 
found. Sometimes the limiting membrane 
was disrupted, and extrusion of vesicle 
contents could be seen. Rarely, fine crys- 
talline formations could be identified in- 
side the vesicles, but only provided no 
counterstaining'had been used. 

A minority of cells had no chondrocytic 
appearance. These cells were spindle 
shaped without a halo and were always 
found in the dense fibrillar tissues 
(Figure 4 ) .  They held a distinct granular 
endoplasmic reticulum, lysosomes and 
often phagocytized collagen fibrils. 

The intercellular substance consisted 
of collagen fibrils, proteoglycans, dense 
amorphous material, filament bundles 
with cross bands, and occasionally, elas- 
tic fibres. 

In the prolapsed part of the discs, the 
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Figure 5 A .  Abnormal collagen f ibr i l s  showing varying diameters and irregular margins (ar rows) ,  
X 30,000. 

Figure 5 B. Disarranged collagen fibrils ,  showing curled and bent shapes. X 60,000. 

Figure 5 C .  Thick collagen fibrils ,  showing tapered ends (ar row) ,  X 30,000. 

Figure 5 D. Cross-banded fi lamentous bundles (asterisks).  X 60,000. 

most densely packed collagen was noted, 
while in the intervertebral part, more 
proteoglycan figures and less collagen 
fibrils were present. An absolute cor- 
relation between fibrillarity and the pre- 
sumed contribution of annulus fibrosus 
to the tissue, as estimated by the in situ 
location of the specimen was, however, 
not found. 

The collagen fibrils when tightly 
packed were running parallel to each 
other in firm bundles. In the case of looser 
arrangement, no predominant direction 
of the fibrils was found. The axial peri- 
odicity was always normal. The range of 

the diameters was 100-4,000 A. However, 
most fibrils had diameters within the 
range of 300-2,500 A, but they varied con- 
siderably between the fibrils even within 
small areas (Figure 5 A ) .  Pathological 
phenomena, such as irregular cut sur- 
faces, curling, bending and tapered ends 
were common (Figure 5 A, B, C)  . 

The dense amorphous material was 
seen in large compact masses or spread 
out, interspersed between the collagen 
fibrils or bundles (Figure 6 A ) .  Numer- 
ous proteoglycan figures were seen in 
this material. The material was periodic 
acid silver proteinate positive (Figure 
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Figure 6 A. Dense amorphous material interspersed w i th  collagen f ibrils .  X 6,000. 

Figure 6 B. The dense amorphous material surrounding collagen f ibrils  shoms staining with periodic 
acid silver proteinate. X 60,000. 

Figure 7 A. Tightlg packed collagen fibrils o n  the right hand side of the micrograph, while,  l e f t ,  the  
micrograph shows a loose arrangement of the collagen f ibrils  wi th  proteoglgcan figures and elas- 
tic fibres (arrow). X 6,000. 

Figure 7 B. The arrow-pointed elastic f i b re  in Figure 7 A. A matrix  uesiele i s  seen. X 60,000. 

6 B ) ,  while the ruthenium-red staining Elastic fibres were identified especially 
turned out to be more faint. at the borderline between the annulus 

fibrosus and the nucleus pulposus (Fig- 
with a periodicity of 800-900 A (Figure ure 7). They appeared without fibrils 
5 D)  were usually located at the haloes of but were coated with a PAS-positive 
the chondrocytes. However, they were material. 
never found in the first described chon- 
drocyte type. 

Filamentous bundles with cross bands 
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DISCUSSION 

In the present study, the prolapsed tissue 
and removed contents of the disc inter- 
space have been described. 

The first chondrocyte arrangement de- 
scribed represents the healthy cells found 
in discs of scoliotic spines (Meachim & 
Cornah 1970, Meachim 1972) and the 
chondrocytes in the middle layer of nor- 
mal articular cartilage (Weiss 1973, Lane 
& Weiss 1975). The cells are believed to 
take part in the normal turnover of the 
matrix. 

The second type of chondrocyte ar- 
rangement shows cloning cells and evid- 
ence of increased secretion. It is found 
in degenerating cartilage (Weiss 1973) 
and is interpreted as an attempt at re- 
pair, compensating for loss of inter- 
cellular substance. 

The third chondrocyte type charac- 
terizes a stage of cell death. Necrotic 
chondrocytes are a frequent observation 
in discs of scoliotic spines and are found 
in osteoarthritic cartilage as well (Weiss 
1973). Surrounding the necrotic cell rem- 
nant, we found numerous membrane- 
bounded bodies which seem to be iden- 
tical to the matrix vesicles first described 
by Anderson (1967) and Bonucci (1967) .  
They are believed to play a major role in 
calcification of the tissue in which they 
are found. Their origin is still a matter 
of debate (Rabinovitch & Anderson 
1976). 

As necrotic cells in our material were 
the only cells having matrix vesicles in 
their pericellular lacuna, it seems likely 
that they are produced only by these 
cells. 

The rare ocurrence of crystals inside 
or in the vicinity of matrix vesicles dis- 
agrees with the finding that the major 
function of matrix vesicles should in- 
clude calcification of the prolapsed disc. 
Whether the matrix vesicles in the pro- 
lapsed disc play a role in the degenera- 
tion of the matrix or merely reflect 

necrosis of chondrocytes seems unclear. 
Our finding of varying diameters of 

collagen fibrils has formerly been de- 
scribed in prolapsed tissue, but in undis- 
placed necropsy tissue as well (SylvCn 
et al. 1951, Dahmen 1963, Render 1971) 
and, therefore, it can hardly be recog- 
nized as a pathological phenomenon. 
However, a greater range of diameters 
was found in our material. The cross sec- 
tions of fibres most frequently showed 
irregular margins. This has been de- 
scribed in collagen after exposure to col- 
lagenases (Keech 1954, Kobayasi et al. 
1977) and is supposed to represent an 
effect of a collagenolytic agent. 

The tapered ends of fibrils are believed 
to represent the same phenomenon. This 
type of collagen change has been de- 
scribed in the prolapsed disc by Dahmen 
(1963) .  

The pathological curling of fibrils has 
also been observed in skin disease, such 
as necrobiosis lipoidica (Kobayasi et al. 
1974) and shagreen patch (Kobayasi et 
al. 1973).  No causative mechanism of the 
change is known. 

Cross-banded filamentous bundles ap- 
pear in the intervertebral disc of humans 
(Cornah et al. 1970) and in rabbits 
(Smith & Serafini-Pracassini 1968). 
They are described most frequently to be 
located in the pericellular matrix, and 
we believe they are a type of collagen. 
They have been found in other connective 
tissues as well, and in organ cultured 
skin, they have turned out to be degrada- 
tive products of collagen due to collagen- 
olytic activity (Hentzer & Kobayasi 
1975).  The same mechanism may he 
responsible for their formation in the 
disc. 

The dense amorphous material is sup- 
posed to be a glycoprotein, as  it stains 
heavily with periodic acid silver protein- 
ale. Hence, the substance might be iden- 
tical to a glycoprotein identified in in- 
creased concentrations in older discs 
(Pearson et al. 1972).  In our observa- 



Lions, the affinity of the collagen for  this 
material agrees with its preferred loca- 
tion between collagen fibrils. 

Elastic fibrils in discs have been de- 
scribed recently by Buckwalter et al. 
(1976). In  ou r  specimens, elastic fibres 
were primarily located at what we believe 
to be the borderline between the annulus 
and the nucleus. A concentration at  this 
location is reasonable and fits with the 
theory that a necessary condition for 
their formation is a tensile force com- 
bined with a cross force (Little 1973). 
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