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SUMMARY 
 

Anatomic characterization and fine structure of 
the human ligamentum flavum (LF), especially at 
different spinal levels, represent an attractive focus 
for the scientific and surgical application. Descrip-
tive anatomical and structural study of LF at the 
cervical, thoracic and lumbar levels of the vertebral 
column in human cadavers is carried out here. The 
aim of the work is to clarify the anatomical features 
and fine structural differences in the human LF at 
different vertebral levels (cervical, thoracic and 
lumbar). Specimens of vertebral column were ob-
tained from 34 human preserved cadavers. Their 
average age ranged between 56 and 69 years. 
Morphometric parameters including height, width 
and thickness of the ligament flavum at the mid-
levels of cervical, thoracic and lumbar regions 
were measured. Sections obtained from different 
levels were stained with different stains. Morpho-
metric measurements involved the relative elastic 
area, relative collagen area, elastic area% and 
collagen area% were measured. 

The results of the height, width and thickness of 
the LF at different spinal levels showed gradual 
increase in their mean values respectively. The LF 
midline gaps were found in the cervical, thoracic 
and lumbar regions. The morphometrical measure-

ments showed that the average elastic area was 
highest in the cervical region and lowest in the tho-
racic region. In the lumbar region, the percentages 
of both elastic area and the collagen area were 
nearly the same. The characterization of morpho-
logical and histological aspects of the LF at differ-
ent spinal levels will be of great importance for ap-
plications in spinal surgery, biomechanical and 
physical rehabilitation of vertebral column. 

 
Key words: Ligamentum Flavum – Spinal – Colla-
gen and elastic fibers 

 
INTRODUCTION 
 

Ligamentum flavum (LF) is a bifid ligament that is 
located in the posterior portion of the vertebral ca-
nal and runs vertically from axis vertebra to the 
sacrum. It is also called the yellow ligament, be-
cause of its larger content of elastic fibers than 
collagen fibers, and has been referred to as the 
most elastic tissue in the human body (Abbas et 
al., 2010; Newell et al., 2017).  

Anatomically, it exists between vertebrae from 
2nd cervical vertebra to the 1st sacral vertebra, 
where it runs vertically between laminae of adja-
cent vertebrae, forming the posterolateral wall of 
the vertebral canal and taking origin from the up-
per part of the inferior lamina and inserted onto the 
superior lamina’s antero-inferior surface. It was 
described to consist of superficial and deep layers, 
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with the fibers running in opposite direction 
(Rahmani et al., 2017; Takahashi et al., 2018).  

Because its relations are very close with the 
structures enclosed in the vertebral canal, a con-
siderable understanding of the ligament microana-
tomy at different spinal levels is required, where 
the LF serves as a relevant anatomical landmark 
to different structures in the spinal canal 
(Sengupta, 2017; Bashkuev et al., 2018). Several 
investigators have suggested that LF plays a sig-
nificant role in vertebral diseases and in spinal ste-
nosis, where degenerative changes in this liga-
ment in the form of hypertrophy or thickening or 
ossification can lead to spinal stenosis and neural 
compression necessitating its resection (Safak et 
al., 2010). 

Until recently, the LF was considered as an inac-
tive structure closing the posterior gaps of the ver-
tebral column. However, now it is well known that 
LF is an active ligament that plays a pivotal role in 
the biomechanics and integral support of the verte-
bral column, where it prevents the separation of 
the vertebral laminae, stops the sudden flexion, 
and opposes the angulations of the vertebral col-
umn, thus preventing hyperflexion and injury to the 
intervertebral discs (Lamer et al., 2018). The high 
elastic content preserves the normal curvature in 
the spine, and helps to return the vertebrae to nor-
mal position (Troyer and Puttlitz, 2011; 
Manchikanti et al., 2018). 

As far as its biomechanical aspects are con-
cerned, it resists kyphotic angulations with liga-
ments of the posterior ligamentous combination 
(Rawls and Fisher, 2018). In posterior lumbar ap-
proaches, LF faces some difficulties before risky 
neural surgeries. Therefore, the spatial relationship 
of the LF to the surrounding structures provides 
landmarks to surgeons for their protection. Moreo-
ver, degeneration in the LF can lead to nerve com-
pression, obligating its surgical resection 
(Manchikanti et al., 2018). 

Although the anatomical and histological struc-
ture of the LF have been much studied in many 
research works on both in human and animals, 
especially in the lumbar region (Viejo-Fuertes et 
al., 2000; Winkler et al., 2007; Lang et al., 2013; 
Newell et al., 2017; Ahmadi et al., 2019), the com-
parative detailed structure of this ligament in differ-
ent regions of the vertebral column is still in need 
of further analysis. Hence, our aim in this study 
was to clarify the morphometric and structural dif-
ferences of the LF at different spinal regions 
(cervical, thoracic and lumbar) using cadaveric 
specimens.  

 
MATERIALS AND METHODS 

 
Study design 

A morphological, observational, cross-sectional, 
descriptive, comparative, blinded study. 

 

Cadaveric materials 
Thirty-four formalin-preserved male human ca-

davers with their ages ranged between 56 and 69 
years (mean 62 ± 4 years) were used in this study. 
They were obtained from the dissection room of 
the Department of Anatomy, Faculty of Medicine, 
and stored at -20

o
C until required for the detailed 

dissection. None of the cadavers had a history of 
traumatic injury or local disease, obvious abnor-
malities as shown in their files and from inspection, 
and no visible scars in the dorsal were present.  

 
Ethical considerations 

This study was approved by the biomedical Eth-
ics Research Committee [Reference No 217-19]. 
The authors have no conflict of interest and no 
financial or commercial gain from the realization of 
this study. The material and data collection were 
performed in the period between January and 
June 2018. 

 
Dissection technique 

After putting the cadaver in prone position, the 
dissection was started by removing the cutaneous 
flap, with the subcutaneous tissues and superficial 
nerves. That was followed by removing the several 
muscular layers; then the different anatomical 
parts were identified. Upon exposing and removing 
the muscular layers, the dorsal vertebral arches 
and the ligamentum flavum were exposed. Verte-
bral blocks comprising four vertebrae at cervical 
level (C 3, 4, 5, 6), thoracic level (T 5, 6, 7, 8) and lumbar 
level (L 2, 3, 4, 5) were removed en bloc. To divide 
the vertebral blocks into two pieces, an electric 
saw sectioned the pedicles: the anterior, formed by 
the intervertebral discs and vertebral bodies, while 
the posterior consists of the spinous, transverse, 
articular processes, and the vertebral laminae with 
the ligamentum flavum. 

 
Morphological and morphometric studies 

For each specimen, the origin and insertion of 
the LF on the corresponding inferior and superior 
laminae in addition to the ligaments’ relationship to 
contiguous structures were observed and photo-
graphed using digital camera with prime lens 
(Nikon D300 + Nikkor 50 mm f/1.8). To give the 
optimal view, an external source of light was used 
with radio triggering device (Nikon Sb-900), a ruler 
was photographed with each block to identify the 
actual scale of pictures, then they were transferred 
to a photo editor program (Photoshop CS5) to digi-
talize the ruler. Then, each ligamentum flavum was 
measured as follows: using a digital vernier caliper 
(Mitutoyo 500-196-20 & accuracy ± 0.001") to 
measure the width and height, and using a millime-
ter ruler to measure the thickness of the ligament. 
Then, the following measurements were done for 
each LF including the height, width and thickness 
using a digital vernier caliper.  
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Histological and histometric study 
Standard paraffin blocks were prepared from 

different specimens of ligamentum flavum (middle 
part) at different spinal levels after decalcification 
of blocks in 2.5% nitric acid (Okuda et al., 2005). 
Sections of 5 µm in thickness were cut from the 
different blocks and were stained with Masson’s 
trichrome and orcein stains. The Masson’s tri-
chrome stain was used for detection of the colla-
gen fibers that were stained blue. The orcein stain 
was used for the detection of elastic fibers, which 
showed a dark purple color (Cuellar et al., 2017). 
From each specimen, 5 sections were prepared, 
which were examined and photographed using a 
light microscope (Olympus BX53, Tokyo, Japan) 
with an attached camera (Olympus E-330). Mor-
phological analysis of the slides was performed by 
blinded morphologists; these specialists evaluated 
the tissue characteristics; the morphological or-
ganization; the height, width and thickness; analy-
sis of collagen fibers and elastic fibers; relative 
elastic area and relative collagen area. 

 
Morphometric analysis of elastic and collagen 
fibers 

For histometric studies, a semi-quantitative study 
was used for assessment of thickness and distri-
bution of both fibrous and elastic fibers in LF at 
different spinal levels (Morales-Avalos et al., 
2017a, b). Regarding the collagen fibers, they 

were evaluated as follow: few and moderately thick 
fibers (+), few and thick fibers (++), abundant and 
moderately thick fibers (+++), abundant and thick 
(++++). The elastic fibers were evaluated as fol-
low: few and thin fibers (+), few and thick fibers 
(++), abundant and thin fibers (+++), abundant and 
thick (++++). Additionally, a densitometric analysis 
was performed to quantify the proportion of colla-
gen and elastic fibers using ImageJ 1.80. From the 
images obtained, the dark-red hue of the elastic 
fibers was manually selected, and the program 
(with the detection threshold of the control sample 
precalibrated) converted the interval color to gray-
scale and the other tissue components to white. 
Then, the processed images were automatically 
analyzed to determine the percentage of the area 
and intensity of the density (Int Dent) of elastic fi-
bers in each sample. This analysis was performed 
in triplicate (Morales-Avalos et al., 2017a, b).  

For the following parameters: 
1) Relative collagen area was measured within a 

standard measuring frame of Masson’s stained 
sections. The collagen fibers were selected and 
masked by red binary colors to be assessed in 
relation to the area of the standard frame.  

2) Relative elastic area was evaluated in the 
above-mentioned way by choosing a frame of a 
known area in the orcein stained sections, where 
the elastic fibers were masked by red binary col-
ors, which was measured in relation to the area of 

Fig 1. Photographs showing the inner surfaces of the laminae of the vertebrae at different levels after coronal sectioning at 
the pedicle's most anterior aspect. A: Ligamentum flavum (LF) of the cervical region at C3, C4, C5 and C6 showing well 
defined midline gap between C4 and C5 (arrow) and ill-defined one between C5 and C6 (arrow head); B: LF of the thoracic 
region at T5, T6, T7 and T8 showing well defined midline gap between T7 and T8 (arrow) and ill-defined midline gaps be-
tween T5 and T6 and between T6 and T7 (arrow head); C: LF of the lumbar region at L2, L3, L4 and L5 showing midline 
gap in all levels (arrow).  
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the standard frame.  
3) Collagen area %= relative collagen area/

relative elastic area + relative collagen area X100 
%.  

4) Elastic area %= relative elastic area/relative 
elastic area + relative collagen area X100%.  

These measurements were taken from samples 
of tissue sliced in an axial manner, taking into con-
sideration the mean value of 3 measurements. 
This analysis was performed in the following man-
ner: high-resolution digital images of eight consec-
utive sections from the orcein-stained slides were 
obtained with high dry objective lenses (40X). The 
color parameters, hue distribution, saturation, and 
luminance were established in the capture soft-
ware and were the same for all the images ob-
tained (Morales-Avalos et al., 2017a, b). 

 
Statistical study 

The collected data was statistically analyzed us-
ing analysis of variance (one way ANOVA) fol-
lowed by post hoc Bonferroni test to compare the 
relative collagen area and relative elastic area of 
the ligamentum flavum among the different spinal 
levels using SPSS (V25) statistical program. The 
data were studied by Kolmogrov Smirnov test for 
normality. The significance level was considered at 
P-value <0.05.  

 
RESULTS 

 
Morphological and morphometrical observa-
tions of the LF at different spinal levels  

The observations of the LF at cervical, thoracic 
and lumbar levels were shown in Fig. 1 where LF 
in all levels is rectangular that has four borders 
and two surfaces. It terminates laterally as an an-
teriorly and vertically oriented edge, while medially 
it joined with other one at an acute angle forming a 
posterior projecting tent with apical epidural fatty 
tissue. Each ligament originates from the superior 
part of the inferior lamina and minimally attached 
to the ventral surface. Furthermore, the ligament is 
attached broadly to the ventral surface of the supe-
rior lamina. Thus, the LF displays two parts: a su-
perficial part, in which the fibers are more oblique 
in its lateral portion close to the intervertebral fora-
men and directed upwards and medially towards 
the spine; and a deep part, in which the direction 
of fibers is craniocaudal. Regarding the LF midline 
gaps, it was observed that they were existing in 
the cervical, thoracic and lumbar regions. Also, 
areas of ossification near the distal attachment of 
the ligaments were observed in 20% of the thorac-
ic ligaments. In another two lumbar specimens 
(20%), areas of ossification mostly near the proxi-
mal attachment of the ligaments and near their 
middle were demonstrated. 

The parameters of height, width, and thickness of 
LF at different spinal level are shown in Table 1. 
The height of the LF increased downward from the 

cervical (7.19±3.2 mm), then thoracic (17.04±1.12 
mm) and finally lumbar (19.02±2.06 mm) regions; 
in the same manner, the width of LF increased 
downward from the cervical (11.79±1.25 mm), then 
thoracic (15.5±1.44 mm) and finally lumbar 
(16.88±0.46 mm) regions. Regarding the thickness 
of LF, it was noticed that there was an increase in 
the thickness from cervical (3.35±0.18 mm), then 
thoracic (7.0±0.88 mm), and finally the lumbar 
(10.39±0.56 mm) regions. There was a statistically 
significant decrease (P<0.0001) in height, width, 
and thickness of the ligament in the cervical region 
when compared to both thoracic and lumbar re-
gions. In addition, there was a statistically signifi-
cant decrease (P<0.01) in height, width, and thick-
ness of LF in the thoracic region when compared 
to that in the lumbar region. 

 
Histological and histometric evaluation of the 
LF at different spinal levels  

The values obtained from the semi-quantitative 
analysis of the collagen fibers are shown in Table 
2, where some differences are observed in the 
amount and thickness of these fibers, which was 
apparent in the cervical and lumbar regions. For 
the elastic fibers that are shown in Table 3, it was 
observed that the amount and thickness of these 
fibers were high in the cervical and lumbar regions 
than in the thoracic region.  

Moreover, the examination of the Masson’s tri-
chrome stained sections (Fig. 2) showed the ar-
rangement of collagen fibers within the LF at differ-
ent spinal levels. Most of the collagen fibers were 
regular and organized in parallel order at different 

  Cervical Thoracic Lumbar 

Height (mm) 7.19 ± 3.2a,c 17.04 ± 1.12 b 19.02 ± 2.06 

Width (mm) 11.79 ± 1.25 a,c 15.5 ± 1.44 b 16.88 ± 0.46 

Thickness (mm) 3.35 ± 0.18 a,c 7.0 ± 0.88 b 10.39 ± 0.56 

Table 1. Morphometric parameters of ligamentum fla-
vum (LF) at different spinal levels. 

Results are expressed as Mean±SD, n=80. Significance of differences 
among groups was evaluated by one-way ANOVA followed by Bonfer-
roni Post Hoc Test.   

a- P<0.0001 vs. cervical region.   b- P<0.01 vs. lumbar region.  c- 
P<0.0001 vs. lumbar region.  

Parameters Collagen fibers 

Cervical ++, +++ 

Thoracic +++, ++++ 

Lumbar ++++ 

Table 2. Semi-quantitative analysis of collagen fibers of 
ligamentum flavum (LF) at different spinal levels.  

+ = few and moderately thick fibers, ++ = few and thick fibers, +++ = 
abundant and moderately thick fibers, ++++ = abundant and thick. 

Parameters Elastic fibers 

Cervical +++ 
Thoracic +, +++ 
Lumbar ++, +++ 

Table 3. Semiquantitative analysis of elastic fibers of 
ligamentum flavum (LF) at different spinal levels.  

+ = few and thin fibers, ++ = few and thick fibers, +++ = abundant and 
thin fibers, ++++ = abundant and thick. 
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spinal levels, which was apparent in the cervical 
and lumbar regions. 

Examination of the orcein-stained sections (Fig. 
3) displayed the order of arrangement of elastic 
fibers within the LF at different spinal levels. In 
both cervical and thoracic levels, most of the elas-
tic fibers were diffuse and regular, and their orien-
tation was craniocaudal; however, a variable direc-
tion of some fibers was seen in the thoracic re-

gions. In the lumbar region, most of the elastic fi-
bers appeared regular and organized in parallel 
order in many sections.  

Fig 2. Photomicrographs of LF histological sections 
stained with Masson’s trichrome stain. The collagen 
fibers (arrows) were regular and organized in parallel 
order at different spinal levels (x40). A: Cervical LF, B: 
Thoracic LF, C: Lumbar LF (Scale bar: 20µm).  

Fig 3. Photomicrographs of LF histological sections 
stained with Orcein stain showing the order of arrange-
ment of elastic fibers, which appeared dark purple 
(x40). A: Most of the elastic fibers in the cervical region 
displayed regular, diffuse and organized in parallel or-
der. The orientation of most elastic fibers (arrows) was 
craniocaudal with variation of some fibers (arrowheads). 
B: Many elastic fibers in the thoracic region displayed 
regular and diffuse with craniocaudal orientation 
(arrows) with variation of some fibers (arrowheads). C: 
Most of the elastic fibers in the lumbar region were reg-
ular and organized in parallel order (arrows) (Scale bar: 
20µm).  



Morphohistometric study of ligamentum flavum  

 320 

As shown in Table 4, the densitometric data 
showed differences in the LF at different spinal 
levels. The relative elastic area in the thoracic area 
was (105.3±4.5), which increased by 15.8% in the 
lumbar region to be (121.9±13.2), while it in-
creased by 20.5% in the cervical region to be 
(126.9±10.7). This decrease in the relative elastic 
area of LF in the thoracic region was statistically 
significant (P<0.0001) when compared to that in 
both cervical and lumbar regions. The relative col-
lagen area in the cervical region was (109.0±10.7), 
which increased by 3.85% in the thoracic region 
(113.2±2.4), and by 11.01% in the lumbar region 
(121.0±10.2). This decrease in the relative colla-
gen area of LF in the cervical region was statisti-
cally significant (P<0.05) when compared to that in 
the lumbar region. In the cervical region, the per-
centage of the elastic area was higher (53.9%) 
than the collagen area % (46.1%) with a ratio of 
1.16:1, this was reversed in the thoracic region, in 
which the elastic area represents 48.2%, while the 
collagen area represents 51.8% with a ratio of 
0.93:1.  In the lumbar region, the percentages of 
both elastic area and the collagen area were near-
ly the same (50.3% and 49.7% respectively, with a 
ratio of 1.01:1). 

 
DISCUSSION 
 

The present study was carried out to compare 
both gross morphological and the microscopic 
structure of the ligament flavum at different spinal 
levels, in order to set a baseline data for different 
pathologies that affect this ligament. In this study, 
the gross examination of LF at different spinal lev-
els revealed that they have the same intersegmen-
tal pattern of structure and attachments with differ-
ences in their dimensions.  

The gross examination of the LF revealed that, at 
the lateral extend of the ligament, it ultimately 
blends into the capsule of the facet (Shemesh et 
al., 2018). In each level, it was reported that LF is 
composed of superficial and deep layers. The su-
perficial part is inserted into the posterosuperior 
border of the lower lamina, while the deep part is 
inserted into the anterosuperior surface of the low-
er lamina. This observation is consistent with the 
studies of researchers (Abbas et al., 2010; Rah-
mani et al., 2017) in the thoraco-lumbar region, 
who found that the fibers of the superficial and 

deep laminae are in opposite orders. Also, in ac-
cordance to our results, it has been reported that 
the LF can be divided into: pars interspinalis, near 
to the spines, pars interlaminar, near to the lami-
nae and constitute the target area for flavotomy, 
and pars capsularis, near the capsule of the facets 
(Galbusera and Wilke, 2018). 

In the present work, it was found that LF at each 
level is attached superiorly to the inferior edge and 
the antero-inferior surface of the lamina above; 
that is not remarkable in the cervical ligaments, but 
more notable in the lumbar ligaments. This finding 
was similar to the observation of others (Shi et al., 
2018). However, it was mentioned that ligament 
upper border is inserted on the intersection be-
tween the inferior 2/3 and the superior 1/3 of the 
internal surface of the nearby superior lamina 
(Park et al., 2009), and that the upper part of the 
ligament is attached to the anterior surface of the 
lamina above (Galbusera and Wilke, 2018).  

The dimensions of each LF have been stated to 
be of great importance. In this study, the height, 
width, and thickness of LF at each spinal level 
were measured. It was found that these measure-
ments increased proportionally from the cervical to 
the thoracic to lumbar ligaments. In accordance, 
some previous studies have reported that some 
differences were found among the LF thicknesses 
at each level and that the thickest LF measure-
ment was at L4-L5 and L5-S1; they suggested that 
LF thickness is increased by age (Sakamaki et al., 
2009; Altinkaya et al., 2011). It was reported that 
the pathology of thickening of LF is still an object 
of argument as to whether this thickening is 
caused by a deformation or hypertrophy of the lig-
ament (Sun et al., 2018; Takashima et al., 2018). 
Moreover, some reports have stated that the nar-
rowing of the spinal canal is due to hypertrophy of 
the ligament, whereas other authors claim that 
structural abnormalities and deformities of LF in-
side the spinal canal compress the nerve tissues 
(Safak et al., 2010; Ahmadi et al., 2019).  

In the present study, the width of the ligamentum 
flavum at the cervical, thoracic and lumbar regions 
was found to be 11.79±1.25, 15.5±1.44 and 
16.88±0.46, respectively. In agreement, it has 
been reported that the average gap from the mid-
line to the lateral extension of the LF in the lumbar 
region was 17 mm (Rahmani et al., 2017; Ahmadi 
et al., 2019). Correspondingly, it was reported that 

  Cervical Thoracic Lumbar 

Relative elastic area 126.9 ± 10.7 105.3 ± 4.5a,c 121.9 ± 13.2 

Relative collagen area 109.0 ± 10.7b 113.2 ± 2.4 121.0 ± 10.2 

Elastic area % 53.9 ± 4.5 48.2 ± 2.9 50.3 ± 4.6 

Collagen  area % 46.1 ± 4.3 51.8 ± 3.1 ± 4.5 

Table 4. Elastic and collagen fibers of ligamentum flavum (LF) at different spinal levels.  

Results are expressed as Mean±SD, n=10. Significance of differences among groups was evaluated by one-way ANOVA followed by Bonferroni Post 
Hoc Test.   

a- P<0.0001 vs. cervical region.   b- P<0.05 vs. lumbar region.  c- P<0.0001 vs. lumbar region.  
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the width of LV varies from 12-22 mm (Takahashi 
et al., 2018). The lateral extension of the LF shows 
significant pathological changes if hypertrophied, 
due to the consequent stenosis of the lateral re-
cess and compression of the nerve root (Safak et 
al., 2010).   

In this study, the presence of the LF midline gaps 
was observed in the cervical, thoracic and lumbar 
regions. These gaps are tiny slits to permit the 
passage of veins communicating between the pos-
terior internal vertebral venous plexus with the 
posterior external vertebral venous plexus 
(Schmidt et al., 2013). In this study, it was noticed 
that only 10 % of the lumbar ligaments at some 
levels featured midline gaps, although the liga-
ments at lower levels were fused in the midline 
with absence of gaps. The exact incidence of mid-
line gaps has been controversially discussed. Re-
cent investigation at the cervical, high thoracic and 
lumbar regions has verified failure of fusion of the 
ligamentum flavum in the midline, which may 
reach up to 74% (Sung et al., 2018; Takashima et 
al., 2018). However, other investigators dissected 
six cervical columns and found that the ligaments 
are fused in the mid-line in all cases (Shi et al., 
2018). Similarly, on dissection of6 to 10 lumbar 
vertebral columns in respectful studies, no evi-
dence of LF midline gaps were found (Rawls and 
Fisher, 2018). Controversially, another study re-
ported that 50% shows midline gaps in the cervical 
region (Shemesh et al., 2018). While others found 
that the fusion in LF midline might be absent to 
variable degrees (Manchikanti et al., 2018). A vital 
problem faced by the doctors during the admin-
istration of epidural anesthesia is the inability to 
recognize the epidural space. The LF midline gaps 
could lead to the failure of detecting the loss of 
resistance in some patients (Sakamaki et al., 
2009). 

LF is the most elastic tissue in the human body. 
In comparison to other spinal ligaments, LF is rich 
in elastic fibers (Resnick and Sandoval-Garcia, 
2017). It was reported that the elastic fibers ac-
count for 60% to 70% of the normal ligament dry 
weight (Qu et al., 2017), and they may reach up to 
80 % of the ligament dry weight at young age 
(Bashkuev et al., 2018). These fibers provide elas-
ticity and give the ligament a high compliance and 
elastic recoil, and prevent collapsing of this liga-
ment into the spinal canal during extension, which 
might compress the canal (Park et al., 2009). In 
the current study, the elastic area % of the LF was 
found to be 53.9 % in the cervical level, 48.2 % in 
the thoracic level and 50.3 % in the lumbar level, 
which means that the average elastic area was 
highest in the cervical level, while lowest in the 
thoracic level. Contrary to our findings, research-
ers reported more elastic fibers in the upper tho-
racic level compared with that of the cervical level, 
with more predominant elastic fibers in the lower 

spinal levels (Takahashi et al., 2018; Takashima et 
al., 2018). The ligamentum flavum of the thoraco-
lumbar spine of mammals with greater range of 
spinal movement contains more elastin than that in 
animals with less spinal mobility (Okuda et al., 
2005). 

In this study the collagen area % increased to 
become 46.1 % in the cervical region, 51.8 % in 
the thoracic region, and 49.7 % in the lumbar re-
gion. Increased amount of collagen fibers is one of 
the age-related degenerative changes (Okuda et 
al., 2005). The collagen has very high tensile 
strength (Cuellar et al., 2017) and its dominance 
may affect the range of motion of vertebral column 
and reduce the elasticity of the LF. However, it 
was reported that the collagen fibers contents in 
the LF at young age are about 20% (Park et al., 
2009). In the current study these ratios deceased 
to become 1.16:1 in the cervical region, and 1.01:1 
in the lumbar region. While in the thoracic region, 
the ratio was inverted (0.93:1). This decrease of 
the ratios should be mostly attributed to the aging 
process and resulted in decreased elasticity and 
increased stiffness (Kosaka et al., 2007). 

Finally, the characterization of LF at different spi-
nal levels will be of great importance for any practi-
cal applications in spinal surgery, biomechanical 
and physical rehabilitation of the vertebral column. 
It is recognized that a limitation of this study is the 
use of previously embalmed cadavers, wherein 
tissue elements could be slightly altered due to the 
conservation techniques of cadavers compared to 
fresh or unembalmed samples (Morales-Avalos et 
al., 2017a, b). However, the evidence suggests 
that these changes are minimal, and we suggest 
they do not significantly affect the study results. 
The immunohistochemical visualization of elastic 
fibers can be achieved using a monoclonal anti-
body specific for elastin. Also, it would have been 
convenient to use Verhoeff's stain. 

 
Conclusions 

In conclusion, the current study is a unique work 
to compare and observe the gross morphological 
and fine components of the LF at different spinal 
levels in human cadavers. In general, the LF has 
the same pattern of attachment in all spinal levels 
with respect of their dimensions. Its anatomic 
structure is peculiar, as it consists of two layers 
with a histological predominance of elastic fibers. 
Our outcomes confirmed differences in the size, 
orientation, quantity and distribution of collagen 
and elastic fibers between the cervical, thoracic 
and lumbar LF.  
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