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Study Design: Prospective, comparative.
Purpose: To compare the histopathological and electron microscopic changes in the ligamentum flavum (LF) between degenerative 
lumbar canal stenosis (LCS) and lumbar disk herniation (LDH).
Overview of Literature: The LF has been implicated as a key structure in the pathogenesis of LCS. With aging, the LF undergoes 
morphological changes–a decrease in the elastic component and an increase in the collagen component, in addition to other focal 
changes. By comparing the histopathological and electron microscopic picture of the LF in elderly patients with LCS with that in young 
patients with LDH, the role of this ligament in the pathogenesis of LCS may be clarified.
Methods: Forty patients were prospectively recruited and divided into two groups: group 1 included 20 patients with degenerative 
LCS aged >55 years and group 2 included patients with LDH aged <35 years. The ligament flava were collected during the patients’ 
surgery. The features noted on histopathological examination included the fibrosis score, the loss of elastic fibers, calcification, chon-
droid metaplasia, mucinous degeneration, vascularization, long septa, clefts, granulation tissue, and ganglion-like cysts. The features 
noted on electron microscopic examination included the elastic fiber thickness, the quality of elastic fibers, the elastic:collagen ratio, 
calcification, melanin fibers, remnants of necrotic cells, and electron-dense material in the LF. All parameters were compared between 
group 1 and group 2.
Results: On histopathological examination, the two groups exhibited significant differences regarding three parameters: chondroid 
metaplasia, long septa, and ganglion-like cysts. On electron microscopy examination, significant differences were observed between 
the two groups regarding two parameters: the quality of elastic fibers and the elastic:collagen ratio.
Conclusions: Characteristic morphological changes may be noted on histopathological and electron microscopic examination that 
mark the degenerative changes in the LF that contribute to the occurrence and pathogenesis of degenerative LCS.
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Introduction

Lumbar canal stenosis (LCS) is a common condition in 
the elderly and is the most common indication for spinal 
surgery in patients above 65 years of age [1]. While the 
exact prevalence of LCS is unknown, a study performed 
in Japan found that its incidence increases with advancing 
age, with a 10.3%–11.2% incidence in the 70–79 years of 
age group compared with a 1.7%–2.2% incidence in the 
40–49 years of age group [2].

In 1913, Elsberg [3] first reported hypertrophy of the 
ligamentum flavum (LF) as a cause of low-back pain or 
sciatica. Since then, the LF has been implicated as a key 
structure in the pathogenesis of LCS [4-6]. The normal 
LF is a well-defined elastic structure that is composed of 
roughly 80% elastic fibers and 20% collagen fibers [7]. It 
shows uniform morphological characteristics throughout 
its length, with the exception of close proximity to the 
bone attachment, where the ligamentous tissue contains 
elastic fibrocartilaginous tissue—an abundant collagenous 
component with scattering of chondrocyte-like cells and a 
few thin elastic fibers. The remainder of the ligament is an 
almost pure elastic tissue consisting of large elastic fibers, 
thin bundles of collagen fibers, and fibrocyte-like cells [8]. 
With aging, the LF undergoes certain pathophysiological 
changes—a decrease in the elastic component and an in-
crease in the collagen component. In addition, other focal 
lesions, such as chondroid metaplasia, areas of fibrosis, 
intra-ligamentous cysts, and hematoma, have also been 
reported [5,9-11].

Considering the importance of LF in the pathogenesis 
of LCS, the literature on its histological and microscopic 
changes during degenerative LCS is scarce. More knowl-
edge of this aspect will provide a greater insight into the 
exact role of the LF in the pathogenesis of LCS and may 
help set up a foundation for novel therapies that target the 
molecular pathways that lead to these pathological chang-
es. Most of the studies available have been carried out 
over two decades back, thus predating the development of 
higher-resolution modalities and newer histological and 
electron microscopic techniques. The purpose of the pres-
ent study was to evaluate the advanced histopathological 
and electron microscopic changes in the LF in patients 
with degenerative LCS compared with young patients with 
disk herniation. Here, we attempted to answer the follow-
ing questions. (1) What characteristic histopathological 
changes are unique to the LF in degenerative LCS com-

pared with a non-degenerative pathology, such as lumbar 
disk herniation (LDH)? (2) What characteristic electron 
microscopic changes in the LF are unique to degenerative 
LCS compared with a non-degenerative pathology, such 
as LDH?

Materials and Methods

The present study was a comparative, observational co-
hort study of 40 patients who were prospectively recruited 
and divided into two groups: group 1 included 20 patients 
with degenerative LCS aged >55 years and group 2 includ-
ed 20 patients with LDH aged <35 years. Informed con-
sent was obtained from all study participants and prior 
approval for the study was obtained from the Institutional 
Ethics Committee of All India Institute of Medical Scienc-
es, New Delhi (Ref no., IECPG-681/19.01.2017). Patients 
with infective, malignant, metabolic, or inflammatory 
disorders of the spine or acute traumatic spine conditions 
were excluded from the study.

All cases were operated by one of the two orthopedic 
spine surgeons who are co-authors of the present study 
(B.G. and K.F.). Patients underwent either only decom-
pression or decompression with instrumented fusion, as 
deemed appropriate by the operating team based on the 
patient’s symptomatology and imaging findings. The liga-
mentum flava were collected during the surgery. While 
every effort was made to remove the LF en-bloc, in most 
cases, the LF was removed piecemeal. For histopathologi-
cal examination, the sample was transported in 10% neu-
tral buffered formalin, whereas for electron microscopic 
examination, it was sent in 2.5% glutaraldehyde and 2% 
paraformaldehyde in 0.1 M sodium phosphate buffer (pH 
7.3).

For histopathological evaluation, the samples were fixed 
in 10% neutral buffered formalin for 48 hours and em-
bedded into a paraffin block. Sections of approximately 
5μm were cut, deparaffinized, and stained using routine 
hematoxylin and eosin staining. Additional histochemical 
stains used for the evaluation of morphological alteration 
included: (1) Masson’s trichrome staining for evaluating 
the degree of fibrosis, (2) Verhoeff-Van Gieson elastic 
staining for elastic fibers, (3) von Kossa and Alizarin red 
staining for calcification, and (4) Alcian blue-periodic 
acid–Schiff staining for chondroid metaplasia and muci-
nous degeneration.

For transmission electron microscopy, the samples 
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were cut into pieces of 1–2 mm and fixed in 2.5% glu-
taraldehyde and 2% paraformaldehyde in 0.1 M sodium 
phosphate buffer (pH 7.3) for 12 hours at 40°C. After 
washing in buffer, the samples were post-fixed in 1% os-
mium tetroxide (OsO4) for 1 hour at 40°C. The samples 
were dehydrated in an ascending grade of acetone and 
infiltrated and embedded in araldite CY 212 (TAAB, 
Aldermaston, UK). Thick sections (1 μm) were cut on 
an ultramicrotome, mounted onto glass slides, stained 
with aqueous toluidine blue, and observed under a light 
microscope for gross observation of the area and quality 
of the tissue fixation. For electron microscopic examina-
tion, thin sections of gray-silver color interference (70–80 
nm) were cut and mounted onto 300 mesh-copper grids. 
Sections were stained with alcoholic uranyl acetate and al-
kaline lead citrate, washed gently with distilled water, and 
observed under a Morgagni 268D transmission electron 
microscope (Fei Co., Eindhoven, The Netherlands) at an 
operating voltage of 80 kV. Images were digitally acquired 
using a CCD camera (Mega View III, Fei Co.) attached to 
the microscope.

Several randomly chosen slides were studied as part of 
the histopathological examination, and the following pa-
rameters were noted on the best representative slide: (1) 
Fibrosis score: Fibrosis was evaluated semi-quantitatively 
with respect to the entire area of the tissue examined and 
graded with reference to its severity (range, 0–4). Grade 0 
indicates normal tissue showing no fibrotic regions; grade 
1, fibrosis in 0%–25% of the entire area; grade 2, fibrosis 
in 25%–50% of the entire area; grade 3, fibrosis in 50%–
75% of the entire area; and grade 4, fibrosis in >75% of the 
entire area of the LF examined. (2) Percentage of loss of 
elastic fibers: The loss of elastic fibers was also evaluated 
semi-quantitatively with respect to the entire area of the 
tissue and measured in terms of percentage. (3) Percent-
age of calcification: Calcification was also assessed semi-
quantitatively with respect to the entire area of the tissue 
and measured in terms of percentage. (4) Areas of chon-
droid metaplasia (presence or absence) were evaluated by 
Alcian blue staining.

Several randomly chosen fields were studied as part of 
the electron microscopic evaluation, and the following 
parameters were evaluated on the best representative field: 
(1) thickness of the elastic fibers; (2) elastic:collagen ratio 
(the images acquired during the electron microscopic 
examination using a CCD camera attached to the micro-
scope were analyzed using the ImageJ software (National 

Institutes of Health, Bethesda, MD, USA) for the calcula-
tion of the thickness of the elastic fibers and the area of 
the elastic and collagen fibers. The ratio of elastic fibers to 
collagen fibers was calculated); (3) quality of the elastic fi-
bers (in terms of their thinning, fragmentation, or degen-
eration); and (4) calcification (evaluated for its presence 
or absence).

All parameters were compared between group 1 and 
group 2. The distribution of the data for two parameters, 
i.e., the percentage of loss of elastic fibers (a histological 
parameter) and the elastic:collagen ratio (an electron mi-
croscopy parameter), was not normal; hence, the Mann-
Whitney test was used to analyze these parameters. For 
all other parameters, the chi-square test was used. Signifi-
cance was set at p<0.05.

Results

A total of 40 patients were recruited into the study and 
were divided into two study groups. Group 1 consisted 
of patients with degenerative LCS aged >55 years and 
group 2 consisted of patients with LDH aged <35 years. 
The mean age of the patients with degenerative LCS was 
63.50±6.90 years (range, 56–83 years) and that of the LDH 

Table 1. Comparison of baseline characteristics between the two study groups

Characteristic
Degenerative  
lumbar canal 

stenosis (group 1)

Disc 
herniation 
(group 2)

Age (yr)   63.50±6.902  26.85±5.122

Female:male 11:9 10:10

Body mass index (kg/m2) 25.360±2.14   23.40±2.4705

Level of involvement

L3–L4  1   0

L4–L5  4   9

L5–S1  1   8

L4–L5, L5–S1  7   2

L3–L4, L4–L5  4   0

L3–L4, L4–L5, L5–S1  2   1

L2–L3, L3–L4, L4–L5  1   0

Surgical procedure

Decompression only  1 17

De compression+transforaminal 
lumbar interbody fusion 19   3

Values are presented as mean±standard deviation or number. None of the 
above parameters were statistically significant.
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group was 26.85±5.12 years (range, 18–34 years). Table 1 
lists the relevant demographic details of the two groups.

Various histopathological parameters, such as fibrosis, 
percentage of loss of elastic fibers, percentage of calcifica-
tion, presence of chondroid metaplasia, mucinous de-
generation, vascularization, long septa, clefts, granulation 
tissue, and ganglion-like cysts, were compared between 
the two groups. The two groups exhibited significant dif-
ferences regarding only three of these parameters, i.e., 
the presence of areas of chondroid metaplasia (Fig. 1), 
ganglion-like cysts (Fig. 2), and long septa (Fig. 3). The 
long septa, which were made up of bundles of collagen 
fiber with fibroblasts, traversed the elastic tissue in the LF. 
Cystic degeneration typically showed granulation tissue 
in the endocystic wall. The histopathological findings of 
both groups are summarized in Table 2.

Similarly, several parameters were assessed by trans-
mission electron microscopy in the two groups. The 

elastic fiber thickness, the quality of elastic fibers, the 
elastic:collagen ratio, presence of calcification, elaunin 
fibers, remnants of necrotic cells, and electron-dense ma-
terial in the LF were evaluated. Significant differences be-
tween the two groups were observed for two of the param-
eters: the quality of elastic fibers and the elastic:collagen 
ratio. Patients with degenerative LCS exhibited significant 
thinning (Fig. 4), fragmentation, and degeneration of 
elastic fibers compared with patients with disk herniation. 
A summary of the findings obtained for both groups re-
garding each of these electron microscopic parameters is 
presented in Table 3.

Fig. 1. (A) HE stained section of ligamentum flavum in patient with degenera-
tive lumbar canal stenosis showing areas of chondroid metaplasia at bony at-
tachment. Chondrocytes arranged in pairs or in chains or clusters (H&E, ×100). 
(B) HE stained section of ligamentum flavum of a patient with disc herniation 
showing areas of chondroid metaplasia in the central region (H&E, ×200). HE, 
hematoxylin and eosin.

A

B

Fig. 2. HE stained section of ligamentum flavum of a patient with degenerative 
lumbar canal stenosis showing ganglion like cystic lesion (H&E, ×100). HE, he-
matoxylin and eosin.

Fig. 3. Masson’s trichrome-stained section of the ligamentum flavum in a 
patient with degenerative lumbar canal stenosis showing long septa of collag-
enous tissue traversing the elastic tissue (black arrow).
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Discussion

Based on myelograms, computed tomography scans, 
magnetic resonance imaging, and intraoperative find-
ings, many authors have thought that the alteration of the 
microenvironment in the LF is of the most important fac-
tors in the development of degenerative LCS [5,6,12]. The 
morphological changes in the LF that occur with aging 
have been described previously [11]. However, most of 
those studies date back to over a decade, a time at which 
the histological and electron microscopic techniques were 
not as refined as they are now. Many of these studies also 
have methodological pitfalls; therefore, we undertook the 
present study in an attempt to fill the void in the medical 

literature regarding the precise morphological changes in 
the LF in degenerative LCS.

The pioneering reports of Elsberg [3] and Park et al. [13] 
described the potential role of the LF in causing stenosis 
of the spinal canal, which is responsible for the classical 
symptom of neurological claudication observed in pa-
tients with degenerative LCS. There is ample histological 
evidence to prove that the LF is thicker [13,14] and less 
elastic [11] and undergoes several characteristic global 
and focal changes that mark the underlying degenerative 
process [6,15]. However, considering the well-established 
role of the LF in the disease process, very few studies have 
explored the morphological alterations of this tissue in 
degenerative LCS.

In 1994, Postacchini et al. [11] studied the histological 
and ultrastructural characteristics of ligamentum flava 
obtained from three groups of patients: a disk hernia-
tion group, a LCS group, and a control group comprising 
patients who were operated for vertebral fractures. The 
authors found that, in the disk herniation group, the mor-
phological changes mirrored those observed in patients 
of similar age compared with the control group. Areas of 
fibrosis, degenerating elastic fibers, and areas of calcifi-
cation were detected more often in the lumbar stenosis 
group. However, the authors adopted a descriptive format 
to report their results and made no comment on whether 
any of these changes were statistically significant. More-
over, no objective quantification of the morphological 
changes was performed; hence, it is difficult to surmise 
the relevance of the changes described by those authors. 
A study from Iraq had a remarkably similar methodology 
and an analogous pattern of documentation of the results 
of the study, albeit with a much larger sample size [16]. 
In both of these studies, there was a great deal of overlap 
between the pathological conditions-patients with LDH 
in their fifth or sixth decade would naturally have degen-
erative changes and an added component of degenerative 
LCS.

Schräder et al. [5] compared the histological findings 
in ligamentum flava harvested from patients with lumbar 
stenosis with those harvested from fresh cadavers who did 
not have lumbar stenosis (as the control group). A limited 
number of characteristics were studied, i.e., the percent-
age of calcification and the number of elastic fibers, which 
were both significantly different between the two groups 
[5]. An attempt has also been made to correlate the his-
tological findings of lumbar stenosis with clinical and 

Fig. 4. (A) Electron micrograph of the ligamentum flavum in a patient of the 
control group showing normal elastic fibers (×2,550) and (B) in a patient with 
degenerative lumbar canal stenosis showing marked thinning of elastic fibers 
(×4,000).

A

B
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radiological findings, as reported by Okuda et al. [15]. The 
only significant correlation detected by these authors was 
that observed between the percentage of slippage of the 
vertebra, as assessed radiologically, and the ossification 

of the LF, as assessed histopathologically. In addition to 
the number of elastic fibers and their degeneration noted 
in earlier studies, the authors have recorded a host of 
other focal findings, including the presence of ganglion-

Table 2. Summary of differences in various histopathological parameters in the two study groups

Histopathological parameter Degenerative lumbar canal stenosis (group 1) Disc herniation (group 2) p-valuea)

Fibrosis score 0.27

Grade 1 fibrosis 12/20 12/20

Grade 2 fibrosis 3/20 6/20

Grade 3 fibrosis 3/20 -

Grade 4 fibrosis 1/20 -

No fibrosis 1/20 2/20

Percentage of median loss of elastic fibersb) 20% 15% 0.22

Percentage of calcification 0.06

<5% 12/20 5/20

≥5% to <10% 2/20 2/20

Absent 6/20 13/20

Areas of chondroid metaplasia 0.03c)

Present at bony attachment 15/20 6/20

Present in central area - 1/20

Absent 5/20 13/20

Mucinous degeneration 0.065

Present 10/20 7/20

Absent 10/20 13/20

Vascularization 0.053

Present at bony attachment 3/20 10/20

Present at central area 7/20 6/20

Present in both central and at bony attachment 3/20 -

Absent 7/20 4/20

Long septa 0.004c)

Present 15/20 6/20

Absent 5/20 14/20

Clefts 0.29

Present 19/20 17/20

Absent 1/20 3/20

Granulation tissue 0.55

Present 1/20 2/20

Absent 19/20 18/20

Ganglion like cystic lesions 0.004c)

Present 4/20 -

Absent 16/20 20/20

Values are presented as number/total number or %, unless otherwise stated.
a)Mann-Whitney test was used for percentage loss of fibers. For all other parameters, the chi-square test was used. b)The percentage loss of fibers was not in a normal 
distribution; hence, the medians were compared. c)Statistically significant.
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like cysts, vascularization, mucinous degeneration, os-
sification, calcification, and chondrogenesis. Differences 
in some of these morphological changes have also been 
noted between the different layers of the LF—the dorsal 
layers exhibited more fibrosis and a more significant de-
crease in the number of elastic fibers compared with the 
dural layer [17]. Kosaka et al. [6] performed a histologi-
cal, biological, and immunohistochemical assessment of 
human samples of ligamentum flava in which they noted 
a similar tendency toward the occurrence of the morpho-
logical changes that are representative of degeneration 
more frequently on the dorsal aspect of the LF compared 
with the dural aspect. The samples were divided into three 
age groups: those acquired from fetuses (single cadaveric 
sample), young patients, and elderly patients. An age-re-
lated decrease in elastic fibers with a concomitant increase 
in collagen fibers was noted. The only recent study on this 
topic was performed in Turkey and involved the histo-
pathological examination of the LF in patients with LDH 
and lumbar spinal stenosis [18]. Significant differences 
were noted with reference to two characteristics, i.e., the 
mean elastic fiber alignment and the mean calcification.

Our study had several unique aspects in its methodol-

ogy that we believe are an improvement over previous 
studies. We performed detailed electron microscopic and 
histopathological examinations and analyzed several char-
acteristics that had not been noted previously. All patients 
were prospectively recruited and, thus, the standardized 
techniques outlined in the protocol were used for sample 
preparation. Our study had a control group that com-
prised young patients (age <35 years) with LDH, whereas 
the study group included older patients (age >55 years) 
with degenerative LCS. There was no overlap between the 
two groups. This was unlike that described in previous 
studies, in which the elderly patients in the disk hernia-
tion group may have had a component of degenerative 
LCS, thus hampering the interpretation of the results. The 
histopathological examination revealed that a significantly 
greater number of patients with degenerative LCS exhib-
ited areas of chondroid metaplasia, ganglion-like cystic 
lesions, and long septa compared with the LDH group. 
However, there were no significant differences between 
the two groups in terms of fibrosis score, loss of elastic 
fibers, degeneration of elastic fibers, percentage of calcifi-
cation, presence of vascularization, mucinous degenera-
tion, granulation tissue, and clefts. In turn, the electron 

Table 3. Summary of differences in various electron microscopic parameters in the two study groups

Electron microscopic parameter Degenerative lumbar canal stenosis (group 1) Disc herniation (group 2) p-valuea)

Thickness of elastic fibers (µm)   3.196±0.8216   3.518±0.8384 0.322

Degeneration of elastic fibers 0.000b)

Present 16/20   3/20

Absent   4/20 17/20

Median elastic: collagen ratioc) 0.07   1.20 0.023b)

Elaunin fibers 1.000

Present    2/20   2/20

Absent 18/20 18/20

Remnants of necrotic cells 0.091

Present    9/20   4/20

Absent 11/20 16/20

Electron dense material 0.548

Present    2/20   1/20

Absent 18/20 19/20

Calcification 0.376

Present    4/20   2/20

Absent 16/20 18/20

Values are presented as mean±standard deviation, number/total number, or median, unless otherwise stated.
a)Mann-Whitney test was used for elastic:collagen ratio. For all other parameters, the chi-square test was used. b)Statistically significant. c)The elastic:collagen ratio 
was not in a normal distribution; hence, the medians were compared.
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microscopic examination showed that the degenerative 
LCS group had a significantly lower elastic:collagen ratio 
and that a significantly greater number of patients in this 
group had degeneration of elastic fibers compared with 
the control group. However, there were no significant dif-
ferences between the two groups in terms of thickness 
of elastic fibers, presence of calcification, remnants of 
necrotic cells, elaunin fibers, and electron-dense material. 
We did not perform a layer-by-layer examination of the 
LFWhile this study is essentially a pilot study in this part 
of the world, where no such study had been performed 
previously, we recognize certain limitations. The sample 
size was small considering the prevalence of degenera-
tive LCS. However, the time-consuming and resource-
intensive nature of the study only allowed the recruitment 
of 20 patients into each group. Unlike the study reported 
by Okuda et al. [15], we did not perform any clinical and 
radiological correlations with the histological findings. It 
is common knowledge that the symptoms of degenera-
tive spine pathology are often disproportionate to the 
underlying extent of the disease; thus, investigating for the 
presence of such a correlation would be of great benefit. 
There were also some technical shortcomings in the way 
we procured the specimens of the LF and performed the 
sectioning for histopathological and electron microscopy 
examination. The LF could not be removed en-bloc in 
most cases; therefore, differences in the characteristics 
examined among the different parts of the LF (dorsal/cen-
tral/central/bony attachment) could not be assessed.

Conclusions

We conclude that the presence of areas of chondroid 
metaplasia, ganglion-like cystic lesions, and long septa 
according to histopathological examination and a lower 
elastic:collagen ratio and the presence of degeneration of 
elastic fibers according to electron microscopic exami-
nation are indicative degenerative changes in the LF. If 
validated by multi-centric and multi-ethnic studies with 
a larger sample size, these parameters can be the focus of 
novel diagnostic and therapeutic strategies to treat degen-
erative LCS.
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