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Abstract
Objective

To investigate the histological and immunohistochemical properties of degenerative changes and calcium crystal
deposition in the lumbar ligamentum flavum.

Methods
We examined the ligamentum flavum harvested from 119 surgical cases with symptomatic lumbar spinal stenosis. 

Sections of the ligament were examined by scanning electron microscopy (SEM), energy dispersive X-ray 
micro-analysis, and were immunostained for S-100 protein, vascular endothelial growth factor (VEGF), basic 

fibroblast growth factor (bFGF) and CD34. The results were compared with those of ligament tissue harvested from
10 cases of lumbar disc herniation.

Result
The elastic fibres of the ligamentum flavum showed regular, or sometimes irregular, and fragmented fibre bundles.

Large areas of fibrosis with reduced elastic component and increased collagenous tissue were frequently seen in the
degenerated ligaments. Calcium crystal deposits were observed in these fibrous ligaments, associated with many

hypertrophic chondrocytes, and with small blood vessel formation. These chondrocytes stained positively for S-100
protein, VEGF and bFGF. Calcium pyrophosphate dihydrate crystals were identified in the calcium deposit area.

Conclusion
We believe that rupture of elastic fibre bundles is the first change to occur in degeneration of the ligamentum flavum.
Calcium crystal deposition was seen within these fibrous and chondrometaplastic areas. Hypertrophic chondrocytes

regulate crystal formation and tissue reconstruction by secreting cytokines.
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Introduction
McCarty and colleagues (1, 2) were the
first group to report in 1962 arthritis
induced by calcium pyrophosphate di-
hydrate (CPPD) crystals and termed it
“CPPD crystal deposition disease”.
This pathological condition is currently
known as “articular chondrocalcinosis”
or the “pseudogout,” and acute or chro-
nic inflammation caused by CPPD
crystal deposition can occur in knee,
hip, shoulder, spine, and other larg e
joints (3,4). As for the pathomechan-
ism of this disease, Schumacher et al.
(5), Gester et al. (6) and Lagier et al.
(7) reported that debris derived from
injured cytoplasm was observed in
areas of CPPD crystal deposition, and
that proliferation of degenerated colla-
gen fibres was observed in the surroun-
ding matrix. Reginato et al. (8) propos-
ed that proteoglycans mediate CPPD
crystal formation. By using a scanning
electron microscope (SEM), Ishikawa
et al. (9) speculated that hypertrophic
chondrocytes, containing amorphous
materials and proteoglycan, play an
important role in crystal formation, and
always appear around crystal deposits.
According to recent reports, extracellu-
lar inorganic pyrophosphate released
from hypertrophic chondrocytes is over-
produced due to a metabolic disorder,
which is assumed to be associated with
CPPD crystal formation (10-14).
CPPD crystal deposition has been ob-
served in normal asymptomatic elderly
individuals (10,15). CPPD crystal de-
position is observed in the supraspi-
nous ligaments and intervertebral discs
in the spine, and is especially abundant
in the ligamentum flavum (16), and
may cause nerve compression. Since
Elsberg (17) first reported hypertrophic
changes of the ligamentum flavum in
1913, it has been reported in the pro-
cess of ligamentum flavum degenera-
tion. Yoshida et al. (18) reported, in
their histological study of the ligamen-
tum flavum, that elastic fibres display-
ed an irregular arrangement associated
with the degeneration process. Kashi-
wagi et al. (19) quantitatively measur-
ed the decrease of elastic fibres and the
increase of collagen fibres in degenera-
ted ligaments. Quantitative determina-
tions have also been made for expand-

ing chondrometaplastic areas, the regu-
larity of elastic fibres, and the intraliga-
mentous content associated with dege-
neration of ligaments (20, 21).
Although a variety of studies of degen-
eration of the ligamentum flavum or
CPPD crystal formation have been pub-
lished, the histology of crystal deposi-
tion in the ligamentum flavum has not
been elucidated. It has been thought
that CPPD crystal deposition is accom-
panied by degeneration of ligaments,
and that metabolic disorders or rheum-
atoid factor were involved in this process
(22-24). We have already reported that
in CPPD crystal deposition in the lum-
bar ligamentum flavum, proteases such
as elastase and chymotrypsin are in-
volved in the degeneration of elastic fi-
bres, and that crystal formation is regu-
lated by sex hormones and TGF in
chondrocytes (25-27). The purpose of
the present study was to investigate,
histologically and immunohistological-
ly, the role of chondrocytes in the crys-
tal formation process in the ligamen-
tum flavum by immunohistochemistry. 

Materials and methods
Patients
119 patients (43 men, 76 women; aver-
age age 69.7 years, range 43-85 years)
underwent decompressive surgery of
degenerative spinal stenosis. All pa-
tients presented with lumbar radiculo-
pathy or cauda equina syndrome, but
no patient had clinical symptoms of the
“marked pain attack” which is infre-
quently associated with so-called chon-
drocalcinosis. The indication for sur-
gery was based on clinical, neurophysi-
ological and radiological findings.
Radiological examination showed that
all patients had central or lateral type
lumbar spine stenosis, which was not
associated with inflammatory disease
of the spine (spondyloarthropathy), py-
ogenic spondylitis, or a collagen dis-
ease. The diagnosis of lumbar canal
stenosis was degenerative in 93 cases
(148 interlaminar spaces) and was asso-
ciated with degenerative spondylolis-
thesis in 26 cases (32 interlaminar spa-
ces). Ligamentum flavum tissue was
harvested at L1-L2 in 3 patients, at L2-
L3 in 11 patients, at L3-L4 in 44 pa-
tients, at L4-L5 in 106 patients, and at
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L5-S1 in 16 patients (Table I).
Control samples were ligamentum fla-
vum tissues of 10 patients (5 men, 5 wo-
men; average age 25.9 years, range 15-
35 years) who underwent decompres-
sive surgery for lumbar disc herniation.
The study protocol was approved by
the Human Ethics Review Committee
of our University and a signed consent
form was obtained from each subject. 

Histopathological analyses
The harvested ligaments were fixed
with 10% buffered formaldehyde at
4°C for 48 hours and were further em-
bedded with paraffin. Serial 4-µm thick
sections were examined after being
d e p a r a ffinized with xylene and
replaced by ethanol, followed by stain-
ing with haematoxylin and eosin or
elastica van Gieson staining using stan-
dards methods. All sections were
examined under a light microscope.

Immunohistochemical analyses
For immunohistochemical examina-
tion, serial 4-µm thick sections were
prepared from paraffin-embedded spe-
cimens, deparaffinized with xylene and
replaced by ethanol. After washing
with water, the intrinsic peroxidase was
blocked with 0.3% H2O2 solution dis-
solved in absolute methanol at 20°C for
10 minutes, and washed again with
p h o s p h a t e - b u ffered saline (PBS, pH
7.4). The sections were irradiated three
times in a polypropylene slide-holder
with a cap filled with PBS (pH 7.4), for
periods of 5 minutes (total 15 minutes),
using a microwave oven (200 w; ER-
245; Toshiba, Tokyo) for antigen re-
trieval. The sections were then mount-
ed with 2% skim milk (Yu k i j i r u s h i ,
Sapporo, Japan) dissolved in PBS (pH
7.4) at 37°C for 30 minutes to block

background adsorption of antiserum.
Then they were reacted with a blocking
solution (PBS containing carrier pro-
tein and 15 mM sodium azide; LSAB
kit; Dako, Glostrup, Denmark) at 20°C
for 10 minutes. 
This was followed by reaction at 4°C
overnight with the following primary
antibodies: polyclonal anti S-100 pro-
tein (Dako Corporation, Carpinteria,
CA; 10 µg dissolved in 2.5 ml PBS at
pH 7.4), monoclonal anti-vascular en-
dothelial growth factor (VEGF) (Santa
Cruz Biotechnology, Santa Cruz, CA;
200 µg dissolved in 1 ml of PBS, con-
taining 0.1% sodium azide and 0.2%
gelatin), monoclonal anti-basic fibrob-
last growth factor (bFGF) (Wako Pure
Chemicals, Osaka, Japan; 200 µg dis-
solved in 4-(2-hydroxyethyl)-1-piper-
azineethanesulfonic acid [HEPES]
solution, containing 0.05% sodium
azide and 4% gelatine), and monoclonal
endothelial cell marker (CD34) (Novo-
castra Laboratories, Newcastle Upon
Tyne, UK; dissolved in lyophilised tis-
sue culture supernatant containing 15
mM sodium azide). 
The sections were further reacted with
LINK (biotinylated anti-mouse and
anti-rabbit immunoglobulins in PBS,
containing carrier protein and 15 mM
sodium azide, LSAB kit, Dako) at
20°C for 60 minutes and rinsed with
PBS at pH 7.4, and allowed to react
with streptavidin solution (streptavidin
conjugated to horseradish peroxidase
in Tris-HCl buffer, LSAB kit, Dako) at
20°C for 30 minutes, and rinsed with
PBS at pH 7.4. 
In order to visualise the peroxidase co-
lour reaction, the sections were incu-
bated with 3, 3-diaminobenzidine tetra-
hydrochloride (DAB) solution (Dojin,
Kumamoto, Japan; 50 mg dissolved in

100 ml of 0.05 M Tris-HCl buffer at pH
7.4) at 20°C for 10 minutes, and wash-
ed in water. Nuclear counterstaining
was carried out with haematoxylin.
Specimens stained by DAB were mount-
ed with Biolite (Oken, Tokyo) and ex-
amined under a light microscope.

Scanning electron microscopy and
e n e rgy dispersive X-ray micro a n a l y s i s
Sections obtained from each specimen
were examined by scanning electron
microscopy (SEM) and energy disper-
sive X-ray microanalysis. Sections were
fixed with 2.5% glutaraldehyde (Wako)
water solution at 4°C for 2 hours, and
then immersed in 1% osmium tetroxide
(Merck, Darmstadt, Germany) at 4°C
for 2 hours. After dehydration with ser-
ial concentrations of ethanol followed
by absolute isoamyl acetate solution
(Nakalai, Kyoto, Japan), the specimen
was allowed to dry in a critical point
dryer (HCP-2; Hitachi, Tokyo), and
then coated with gold-palladium (Eiko
Engineering, Ibaraki, Japan) by evapo-
ration using an ion coater (IB-3; Eiko
engineering). In the final stage, SEM
(S-450; Hitachi) and an energy disper-
sive X-ray microanalyzer (EMAX-
2000; Horiba, Kyoto, Japan) were used
to identify calcium crystals.

Results
Ligamentum flavum degeneration
The most superficial layer of the con-
trol ligamentum flavum tissue obtained
from lumbar disc herniation had a uni-
form appearance, except for the area in
close proximity to the bony attachment.
The elastic fibres were in a regular ar-
rangement, oriented parallel to the ma-
jor axis of the ligament, and branched
with other fibres. The collagen fibres
were mostly oriented parallel to the
elastic fibres. There were few chondro-
cytic or expanding chondrometaplastic
areas (Fig. 1a, d).
In the lumbar spinal canal stenosis
cases, elastic fibres were in an irregular
arrangement and the fibres were of smal-
ler diameter than in the lumbar disc
herniation cases (Fig. 1b, e). In other
areas, elastic fibres with abnormally
small diameters were fragmented or se-
parated by thick bundles of collagen
fibres. Large fibrotic areas with a de-
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Table I. Level of spinal surgery and harvested ligamentum flavum.

Level Spondylosis Spondylolisthesis Total

L1-2 3 - 3

L2-3 11 - 11

L3-4 37 7 44

L4-5 83 23 106

L5-S1 14 2 16

Total 148 32 180

Spondylosis: degenerative spondylosis. Spondylolisthesis: degenerative spondylolisthesis.
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creased elastic component and increas-
ed collagenous tissue were frequently
observed. In other areas, few, if any,
elastic fibres were visible (Fig. 1c, f).
There were hypertrophic chondrocytes
in these areas.
A total of 148 ligamentum flavum spe-
cimens were studied from degenerative
spondylosis cases; in 7 of these, the
elastic fibres showed a regular arrange-
ment, 63 showed an irregular arrange-
ment and 78 showed fragmentation of
elastic fibres. Thirty of 32 ligamentum
flavum specimens in degenerative
s p o ndylolisthesis showed fragmented
elastic fibres (Table II). Calcium de-
posits were seen in 56 of 148 (38%) de-
generative spondylosis cases, and in 17
of 32 (53%) degenerative spondylolis-
thesis cases. All ligaments with calci-
um deposits showed fragmented elastic
fibres and expanded fibrous areas
(Table II).

CPPD crystal deposition
Macroscopically, calcium crystal depo-
sition in the ligamentum flavum was ob-
served as a granulated white chalky
mass (Fig.2). These crystal deposits
were oval shaped, in various sizes, and
found in the interlaminar and capsular
portions of the ligamentum flavum.
The area of calcium deposition was fre-
quently seen on the dorsal side of liga-

ment, and gradually invaded towards
the dural side of the ligament. T h e
structures of the deep layers of the liga-
ment were comparatively unchanged.
The deposited calcium crystals were
morphologically various, appearing as
pin-like, rod-like, or rectangular crys-
tals when observed under SEM (Fig.
3a). The diameter of these crystals was
approximately 4 µm or more. The ratio

Fig. 1. Photomicrographs of the ligamentum flavum. Bundles of elastic fibres showed a regular arrangement (a: HE, x 10, d: elastica van Gieson, x 10). Fibre
bundles were irregular in arrangement (b: HE, x 10, e: elastica van Gieson, x 10). Elastic fibre bundles showed fragmentation and the collagenous area was
expanded (c: HE, x 10, f: elastica van Gieson, x 10).

Table II. Ligamentum flavum degeneration.

Elastic fibre LDH Spondylosis Spondylolisthesis

Regular 10 (0) 7 (0) -

Irregular - 63 (0) 2 (0)

Fragmentation - 78 (56) 30 (17)

Total 10 (0) 148 (56) 32 (17)

Numbers in parentheses represent number of cases with calcium deposits.
Regular: elastic fibres showed regular arrangement; irregular: elastic fibres showed irregular arrange-
ment and ruptured; fragmentation: ruptured elastic fibres with fragmentation and assimilation; LDH:
lumbar disc herniation.



of calcium to phosphate in these crys-
tals, as measured on X-ray microanaly-
sis, was approximately 1:1, indicating
that the crystals consisted of CPPD
(Fig. 3b).
Histologically, in the ligamentum fla-
vum around the nodules, a number of
hypertrophic chondrocytes and neutro-
phils were found, together with many
small blood vessels (Fig. 4a). T h e s e
chondrocytes often showed cluster for-
mation and exhibited hypertrophic
changes. The elastic fibres appeared as
ruptured and fragmented and abundant
fibrocartilaginous tissue was present
around the areas of crystal formation
(Fig. 4b). In the tissue of the calcium
deposits, extracellular matrix away
from calcium deposit formations show-
ed various degenerative changes. The

elastic fibres were irregular, but not
fragmented, and few hypertrophic chon-
drocytes were found.

Immunohistological studies
In cases of lumbar spinal canal steno-
sis, small blood vessel formations were
seen on the dorsal side of the ligamen-
tum flavum following the rupture of
elastic fibres (Fig. 5c). These blood
vessel formations, which immunos-
tained positively for CD34, tended to
occur in ruptured or fragmented elastic
fibres and in expanded fibrous areas.
Intense immunostaining with VEGF or
bFGF was noted in the hypertrophic
chondrocytes in degenerated ligamen-
tum flavum tissue. A large number of
VEGF-positive or bFGF-positive hyper-
trophic chondrocytes was seen around

the calcium crystal deposits (Fig. 5a,
b). In the ligamentous enthesis, chon-
drocytes showed no hypertrophic chan-
ges and had no immunoreactivity for
VEGF or bFGF. In the lumbar disc her-
niation cases, there were no small blood
vessel formations, and staining for
VEGF, bFGF, or CD34 was negative.
Immunostaining for S-100 protein was
also positive in hypertrophic chondro-
cytes in the degenerated ligaments. It
was strongly positive in the cytoplasm
of these chondrocytes. The S-100-posi-
tive cells were predominantly abundant
in the extracellular matrix around the
calcium deposits (Fig. 5d).

Discussion
The ligamentum flavum is normally a
two-layer structure, divided into a su-
perficial layer and a deep layer when
viewed from the dorsal side of the liga-
ment (28). The ligamentum flavum is
regularly arranged, except for the liga-
mentum enthesis, and bundles of elas-
tic fibres run parallel to each other,
with collagen fibres and fibroblast-like
cells among them. The deep layer of
the ligamentum flavum has a laminar
structure as if the layer lined the dura
m a t e r. In ligamentum flavum tissue,
elastic fibres account for 60-70% of the
dry weight, and it is speculated that lit-
tle metabolic activity is required (29).
Our present study suggests that the first
change in the degeneration and hyper-
trophy of the ligamentum flavum is
rupture of these elastic fibres. In gener-
al, the cross-sectional area and visco-
elasticity of elastic fibres vary accord-
ing to age-related regressive change
and systemic hormone balance (30,
31). It is thought that the resistance of
elastic fibres to stress, and the elasticity
of fibre itself, are decreased and that
the fibres are ruptured by chronic mi-
crostress due to spinal movement. This
explains why there are so many spinal
degenerative diseases seen among the
elderly and in women.
We reported in our previous studies
that elastic fibres ruptured by micro-
trauma are predisposed to degradation
by proteases such as elastase and chy-
motrypsin (26). In areas with decreased
numbers of elastic fibres, collagen fi-
bres increase, as if in compensation, to
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Fig. 2. Macroscopic photograph of the calcified ligamentum flavum. White chalked calcium deposits
(arrow) were seen in the dorsal side of the ligament.

Fig. 3. (a) Scanning electron microscopy showing calcium crystals of variable size and shape (x
4000). (b) The ratio of calcium (Ca) to phosphate (P) measured on X-ray microanalysis was 1 : 1.



induce fibrosis of the matrix. We sus-
pected that such fibrosis is induced
bFGF. This cytokine, secreted by hy-
pertrophic chondrocytes, prompts col-
lagen fibre production from fibroblasts
(32, 33). It has been speculated that the
increase of collagen fibres occurs
focally at first, and that the areas pro-
gressively expand by merging with one

another.
Chondrocytes in the normal enthesis
include cells differentiated from fibro-
cartilage cells. These chondrocytes are
known to be highly active biologically,
mesenchymal cells maintaining their
activity (34). In the control group, no
chondrocytes were seen in the ligament
except at the ligamentous enthesis.

However, in the stenosis group, abnor-
mal hypertrophic chondrocytes were
seen in areas other than the enthesis,
accompanied by chondroid metaplastic
background matrix. There is a theory
that chondrocytes in the enthesis change
into these abnormal chondrocytes,
whereas Yahia et al. (35) reported that
the metaplastic chondrocytes are
derived from fibroblasts in normal liga-
ments. In our study, chondrocytes
appeared only in areas where elastic fi-
bres had ruptured and collagen fibres
had increased, and there was no conti-
nuity between chondrocytes in liga-
ments and those in the enthesis, which
leads us to believe that these chondro-
cytes were induced from fibroblasts.
We assume that TGF-β is involved in
this induction of chondrocytes (27),
because TGF-β was a major cytokine
inducing chondrocytes to the matrix.
The spinal ligamentum flavum is
thought to have little blood flow, and
little vasculature was seen in the control
ligamentum flavum. However, forma-
tion of small blood vessels was seen in
cases with rupture of elastic fibres and
increase of collagen fibres. This angio-
genesis initiated from the dorsal side of
the ligament and gradually extended to
the dura mater side, which suggested
that those blood vessels were induced
from the venous plexus in the dorsal
side of the lumbar ligamentum flavum.
It was speculated that the induction was
due to cytokines such as VEGF and
b F G F, which are powerful blood vessel
inducers (32, 36, 37), originating from
the chondrocytes appearing in the
degenerated ligaments. This angiogene-
sis may further accelerate ligamentous
fibrosis and expansion of the chondroid
metaplastic area.
Crystal deposition in the ligamentum
flavum occurs in ligaments where
advanced fibrosis and chondrometapla-
sia exist, and the crystals are surround-
ed by chondrocytes, which are thought
to be important for crystal formation
and deposition. We have reported the
expression of proteases such as neu-
trophil elastase and chymotrypsin, or
crystal formation via TGF-β, as being
roles of chondrocytes (26). The results
of our present study indicate that the
initial change that occurs in crystal de-
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Fig. 4. (a) Note the presence of chondrocytes around calcium deposits with small blood vessel forma-
tions (HE, x 10), in particular, (b) fragmentation of elastic fibre bundles around calcium deposits (elas-
tica van Gieson, x 10, Ca: calcium). 

Fig. 5. Photomicrographs of immunohistochemical staining. (a) Note the hypertrophic chondrocytes
of VEGF staining around the calcium deposits (x 20, Ca: calcium). (b) A number of cells positively
stained for bFGF are present within the calcified ligament (b: x 20). (c) Small blood vessel formations,
staining positive for CD 34, were seen beside the calcium deposition (x 20). (d) Immunostaining for S-
100 protein; a number of chondrocytes were present (d: x 20). 
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position in the ligamentum flavum is
rupture of elastic fibres in the ligamen-
tum flavum. Collagen fibres then in-
crease as if replenishing the sites where
the elastic fibres ruptured, and chon-
drocytes are induced from fibroblasts.
Chondrocytes induce growth of blood
vessels by VEGF and bFGF, further
fibrosis of the matrix by bFGF, and the
expansion of chondrometaplastic areas.
This matrix becomes the site of crystal
deposition. The cytoplasm of hypertro-
phic chondrocytes was S-100 protein-
positive. S-100 protein has been report-
ed to have specific binding sites for cal-
cium crystals (38, 39). These results
suggest that S-100 protein is one factor
promoting crystal formation mediated
by secretion of TGF-β and subsequent
calcium influx accompanied by angio-
genesis and phosphate influx with in-
creased PPi concentration, leading to
mineralization of the matrix.
We speculate that hypertrophic chon-
drocytes play an important role in
CPPD crystal formation. With respect
to other factors involved in crystal
deposition in ligaments, genetic fac-
tors, metabolic disorders, and systemic
chondrocalcinosis are likely contribu-
tors (40, 41). We currently have limited
knowledge of factors that significantly
a ffect the function of chondrocytes,
and further investigations are required.
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