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INTRODUCTION 

 

 The intervertebral disc (IVD), the principal part of the 

intervertebral junction, was first recognized as an anatomical entity by 

Vesalius and was well known to early anatomists.  

 
 There are at least 25 IVDs interposed between the adjacent 

surfaces of the vertebrae uniting them from the axis to the sacrum. They 

are distributed with six discs in the cervical region, 12 in the thoracic 

region, six in the lumbar region, and one disc between the sacrum and 

coccyx, giving a total of 25. 

 

Figure - 1 

IVD 
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 The human intervertebral disc is a fibrocartilage disc between the 

sheets of hyaline cartilage (vertebral end plates). They help to form the 

joints between the vertebral bodies, which belongs to symphysis variety.  

The intervertebral discs are the chief bonds between the adjacent surfaces 

of the vertebral bodies from C2 to sacrum. Except at the joints of 

Luschka, the outline of the discs corresponds to the adjacent bodies of the 

vertebra.  

 

 The thickness of the intervertebral discs varies from cervical to 

thorax and thorax to lumbar region. Not only does it vary between the 

regions, it also varies in thickness within the disc itself .1. 

 

 Three types of tissues compose the intervertebral discs. The 

annulus fibrosus, which is a fibrocartilage, nucleus pulposus,  which is a 

hydrated collagen proteoglycan gel and vertebral endplates, which is of 

hyaline cartilage variety.  

 

 The water content in nucleus pulposus may reach up to 90% in 

young adults and children which makes the entire tissue to behave like 

fluid. This fluidic nature helps to distribute the compressive forces onto 

the vertebral bodies, even when vertebral bodies are at an angulation to 

each other.  



 
 

3  
 

 The annulus fibrosus prevents nucleus spreading radially so that it 

can deform vertically to facilitate spinal bending. The dense hyaline 

cartilage lying over the nucleus pulposus is attached to the vertebral 

bodies as vertebral end plates, which helps to maintain the fluid pressure 

in the nucleus pulposus by slowing down the water loss into the vertebral 

body through perforations in end plates. Nevertheless, intervertebral discs 

lose approximately 20% of the water gradually towards the end of the 

day. The net loss of water is regained at the night time during the 

recumbency when the load in the spine is relieved.  

 

Figure - 2 

 This diurnal variation in disc water content cause adults to be 

approximately taller by 1.5-2.0 cm15,  in early morning and more flexible 

in the evening. It is generally stated that the intervertebral discs together 

CEP 
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form 25% of the total length of the vertebral column approximately 

(which means the length of the vertebral column above the sacrum). This 

varies somewhat with the age of the individual. Also, the disc does not 

contribute equal proportion of the length of cervical, thoracic, and lumbar 

region.  

 

 Thus, adult intervertebral disc  in the cervical region contribute 

from 20-24% length of cervical vertebral column, a percentage slightly 

below that of a new-born. The adult thoracic intervertebral disc 

contributes 18-24% of thoracic vertebral column, which in a new-born is 

about 31%. The adult lumbar intervertebral disc contributes 30-36% of 

total length of lumbar vertebral column. In case of a new born, the 

difference is very less.  

 

 As there is variation present in the thickness of the disc between 

different regions of the vertebral column, there is significant difference in 

the thickness of various parts of the single disc.  

 

 Disc in the cervical region has more thickness in the anterior aspect 

than the posterior end, thereby contributing to the lordosis (normal 

cervical curvature) of cervical spine.  
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 A cervical intervertebral disc is also different such that they do not 

cover the entire vertebral body surface. They measure slightly less from 

side to side so that lower rounded edge of one vertebra comes in contact 

with upper edge of the upper end of lower vertebra.  

 

 The intervertebral discs in the thoracic region have the same 

heights whether measured anteriorly or posteriorly.  

 

 Hence, thoracic curvature is mainly due to the shape of the 

vertebral body. The discs in the upper part of the thoracic vertebra are 

thinner than disc in the lower thoracic vertebra. For this reason, not much 

movement in upper thoracic vertebra when compared to lower thoracic 

vertebra.  

 

 In the lumbar column, all the discs are measured higher anteriorly 

than posteriorly. This increase in height reaches maximum in the fifth 

lumbar vertebra. Through its wedge shape, the fifth lumbar disc 

contributes markedly to the lumbosacral angle. In the upper part of the 

lumbar column, the normal curvature is entirely due to the disc shape, and 

in the lower part, the shape of the vertebral bodies also contributes, with 

the last lumbar vertebra being the most wedge-shaped.  
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Morphology of the Disc; 

 Each disc consists of two parts. An outer portion composed of 

fibrocartilage called annulus fibrosus and central mucoid portion called 

Nucleus pulposus. 

 

 Except at peripheral part of the vertebral body a thin plate of 

hyaline cartilage is interposed mostly between nucleus pulposus and 

vertebra. 

 Authors like Ghormley, Kernohan prefers this cartilaginous plate 

as part of the disc and most anatomists prefers this as part of the vertebra. 

  

 It is in general these CEP are responsible for the growth of the 

vertebral body and hence considered as epiphyseal growth plate during 

growth. In adult as long as they are intact, they seal the nucleus pulposus 

and helps in distribution of weight and also, they prevent nucleus 

pulposus spreading into the body. Clinically the cells in the intervertebral 

disc have been described as fibrocytes in annulus fibrosus and 

chondrocytes in nucleus pulposus. 

 

   Annulus Fibrosus:  

 It forms the periphery of the disc and it composes fibrocartilage in 

which fibrous element is predominant. The fibres of the annulus fibrosus 
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run obliquely between vertebrae and originally described as arranged in 

concentric rings. Generally, there are 15 to 25 concentric rings present in 

the disc. The fibres composing each successive ring have different slant 

from that of preceding ring.  

 

 

Figure - 3 

 The direction of fibres in successive ring are in different angles so 

that the fibres of each ring cross those of two adjacent rings at a particular 

angle (not a constant angle in all discs).  
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 The most superficial fibre in the anterior end of the disc blend with 

anterior longitudinal ligament and similarly, the most superficial posterior 

fibres blend with posterior longitudinal ligament. The peripheral fibres 

pass over the edge of hyaline cartilage to merge into vertebral body as 

Sharpe’s fibres2, and, a majority of deep fibres of annulus fibrosus merge 

into hyaline cartilage which is present in each end of intervertebral disc 

over NP.  

 

 The junction of AF and NP is being described in different ways by 

different authors. The annulus fibrosus blends deeply into nucleus 

pulposus, but according to Coventry and Co., fibres pass from nucleus 

pulposus into annulus to join the lamellae off the annulus and insert 

obliquely into the cartilaginous endplate. In general, though there is no 

absolute boundary between nucleus pulposus and annulus fibrosus, both 

are relatively distinct and certainly there is a difference between soft and 

gelatinous centre part of the disc and very firm fibrous portion of the 

outer part of the disc.  

 

The part of annulus anterior to the nucleus pulposus is thicker than 

the part of the annulus which is posterior to the nucleus pulposus. This is 

because, the nucleus pulposus is eccentrically situated. It is slightly 
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posterior than anterior, the reason why commonly the nucleus protrudes 

posteriorly.  

 

Furthermore, anteriorly the disc is strengthened by anterior 

longitudinal ligament, which is broader than the narrow, thin posterior 

longitudinal ligament. Also, the posterior longitudinal ligament reinforces 

the annulus in midline only.  

 

NUCLEUS PULPOSUS: 

 The NP is made up of mucoid material, although controversy exists 

whether it is actually made up of mucoid. Coventry and his colleagues 

fail to obtain the definitive straining for mucous.  

 

 Sylvan Paulson, Hirsch4, and Snell man presented evidence for the 

presence of mucoid matrix and probably it contains chondroitin sulphate. 

In general, the nucleus contains very high-water content, over 80%. 

However, the water content varies with the age. Key quoted that it is 88% 

in full-term foetus, and 70% in adult life. Sylvan demonstrated that net 

weight of dry disc is 16.5% of wet weight.  

 

 The nucleus undergoes constant change in dimension and volume 

as a result of pressure, which causes loss of water content but over the 
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years, the loss of water content is not equated with absorption resulting in 

dehydrated disc.  

 

 The mucoid nucleus, at young age, reticular fibres are present and 

it is marked by mucin and can be demonstrated with special stain. As the 

age advances, it becomes more prominent and assumes staining of 

collagen fibres.  

 

BLOOD SUPPLY AND NERVE SUPPLY OF THE DISC: 

 The blood vessels which is surrounding the disc during the 

development in the early phase disappears subsequently leaving the disc 

as an avascular structure except at their extreme peripheral parts where 

they receive blood supply from nearby blood vessels . 

 

 Blood supply to the intervertebral disc reaches it in the foetus from 

its periphery and from vessels in the bodies of adjacent vertebra that 

grows through the cartilaginous endplates and run towards the nucleus 

pulposus. But they do not reach the nucleus (Ehren Haft)52. 
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Figure - 4 
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Figure - 5 

  

 Coventry and his colleagues quoted evidence that vessels from 

vertebrae begin to become scarred at the age of eight months and 

completely occluded between the ages of 20 and 30 years. Ehren Haft 

stated that disc becomes avascular by the age of 25. 
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 The mature developed disc is considered to be avascular and are 

nutritionally supported through the spongy bone present in the adjacent 

vertebral surfaces.  

 

  Persistence of these channels in the cartilage through which the 

blood vessels entered the disc, facilitates herniation of disc substance into 

body of vertebra to form schmorl’s nodule.  

However, in reaction to the injury vascular and avascular part of the 

mature disc totally differ as there may be vascular invasion into the 

avascular areas of the disc. 

                                                                                                                                              

Nerve supply 

 In general, disc is considered to be a non-nervous tissue which 

implies there is no innervation within the substance of the intervertebral 

disc .However sino vertebral nerve2 which has a dual origin both from 

spinal  nerve and also sympathetic nervous system has a role in supplying 

the peripheral part of the disc. The origin of the sympathetic nervous 

system explains the vascular distribution to the disc .The spinal nerve 

arises distal to dorsal root ganglion  and enters back to spinal canal after 

reaching the midline of the spinal canal gives its branches to the disc 

above and below each level ,however  these nerve fibres are present at the 

attachment of posterior longitudinal ligament to the posterior surface of 
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the annulus fibrosis (Jackson et al 1966wyke 1970). however, no nerve 

fibres were found within the annulus fibrosis.  

 

 

Figure - 6 
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HISTOLOGY: 

 Compared to the presence of cells in many cartilaginous tissues, 

very little is known about the cells present in the intervertebral disc. 

 

 Like other connective tissues connective tissues in the 

intervertebral disc play an important role in maturation, maintenance and 

degradation of the disc. Density, grouping, morphology are three 

important cellular properties that explain their role in the disc. 

 

 Already many observers have made their observation about these 

properties, but very few studies alone available regarding quantitative 

analysis. Cell density is usually very low, and various studies reveal that 

cell density is more in outer annulus when compared to NP and inner 

annulus and vertebral end plates. 

 

 Presence of cells have been reported in IVD. they are further 

classified into pairs and clusters. Pairs of chondrocytes are often 

contained within the same pericellular matrix. Whereas the cells in 

clusters are contained mostly in intercellular matrix and are called as 

clusters. 
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 Cell grouping in the intervertebral disc changes as the age 

advances. In age related degeneration and disease related degeneration 

and the exact mechanism behind this proliferating capacity of 

chondrocytes is yet to be fully understood.  

 

 That cells of the IVD have several morphologies has long been 

recognized. The generalization is often made that NP and IA cells 

resemble chondrocytes and OA cells are fibroblast-like. Other authors 

refer to the former as round and later as elongated. 

 

 

Figure - 7: Shows H & E Stain which reveals chondrocytes are in 

parallel with collagen fibres 

 

MAT 

COL 

CHO
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 The chondrocytes of fibro cartilage are aligned in parallel rows, 

lying singly in individual lacunae. Nuclei of the chondrocytes are easily 

observed, but their cytoplasm is not evident. Matrix contains thick 

bundles of collagen fibres, which are arranged in more or less in a regular 

fashion between the rows of cartilage cells.  

 

 Unlike elastic and hyaline cartilage, the fibro cartilage is not 

enveloped by a perichondrium.  

 

 The normal human intervertebral disc in adulthood consists of 

extracellular matrix in large amount interspersed by a scanty number of 

cells that make up approximately 1% of the total volume. At least two 

distinct phenotypes of cell population are found in the intervertebral disc. 

The cells present in different region of the disc differ morphologically; 

those in the AF and CEP are more elongated and fibroblast-like when 

compared with those of the NP, which are more rounded or oval and 

chondrocyte like, mostly with the capsule around them.  

 

 In addition to the structural dissimilarity between fibroblast and 

chondrocyte their behaviour differ both in their response to applied loads 

and in synthesizing different  molecules in matrix when grown in culture. 

Type II collagen is generally synthesized in NP cells when cultured in 



 
 

18  
 

alginate beads, whereas type I and type II collagen is produced by anulus 

fibrosus cells. This proves that the extracellular matrix molecules are 

found in the AF and NP of the disc in vivo.  when the healthy adult 

intervertebral disc is seen macroscopically it is made up of two regions, 

annulus fibrosus with its concentric lamellae in the outer region and 

nucleus pulposus in the central region. When sections of the disc are 

taken and viewed under microscope the arrangement of the collagen 

bundles is demonstrated very clearly. The human intervertebral discs 

from the lumbar spine have been shown to have nearly fifteen to twenty-

five lamellae in the anulus fibrosus. These lamellae begin their life as an 

individual discrete bundles of collagen fibres, however in humans, the 

structural organization of lamellae becomes increasingly complex with 

more number of bifurcation and interdigitations as the individuals age 

increases the thickness of the lamellae increases. Molecular components 

are identified by biochemical analysis of the disc and provides gross 

quantitative information on the amounts present. Nevertheless, a huge 

variation exists in the distribution with regard to various location in the 

disc, the extent of which only becomes of many of apparent with 

histochemical, immunohistochemical, or electron microscopic these 

components techniques. Elastin, which constitutes only 2% of the dry 

weight of the anulus, suggesting that it is not a major component. 

However, it may contribute greatly to the functioning of the disc because 
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it has a very discrete and specific localization in the normal disc, mainly 

between the lamellae, with a few fibres crossing perpendicularly. Various 

types of collagen and glycosaminoglycans have been demonstrated to be 

preferentially localized in certain places. For example, type-III and              

type-VI collagen (also making up a small proportion biochemically) are 

found predominantly peri cellularly; this is likely to be a reflection of 

their function within the disc. Nerves and blood vessels are both present 

to a limited degree in the healthy adult disc, restricted to the outer few 

millimetres of the anulus fibrosus. A small number of mechanoreceptors 

are also present, most commonly having the morphology of Golgi tendon 

organs, a few Ruffini receptors, and even fewer Pacinian corpuscles. 

Major age-related changes in the intervertebral disc and cartilage end 

plate in humans are reported to occur at the end of the first decade of life. 

Even before this, as early as two years of age, mild microscopic 

degenerative changes are seen, including decay and/or proliferation of 

nucleus pulposus cells, mild cleft formation, alterations in cell density, 

and matrix degeneration in the cartilage end plate. This coincides with, 

and may be the result of, regression of blood vessels in the annulus, 

cartilage, and osseous end plates.   A study of cadaveric human vertebrae 

demonstrated that the number of vascular channels perforating the 

osseous vertebral end plate diminishes drastically between six and thirty 

months of age10. It has been observed that the disc undergoes 
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degenerative changes earlier in life than other tissues do. It is likely that 

the rapid reduction in nutrient supply contributes to this early  

degeneratio31, described in detail the progressive changes in disc 

histology that occur with age. These changes include an increased 

number and extent of clefts and tears, the presence of granular material, 

and neovascularization from the outer aspect of the anulus inwards. Cell 

proliferation, cluster formation, and a greater level of cell death also 

occur. Loss of demarcation between the anulus and the nucleus also 

increasingly occurs with age, from the second decade onward. More 

structural disorganisation of the cartilage end plate, including cracks, 

thinning of the end plate, altered cell density, microfracture in the 

adjacent subchondral bone, and bone sclerosis, is also found with 

increasing age. These changes in the end plate precede changes in the 

nucleus pulposus, with alterations in the anulus fibrosus (particularly the 

outer region) occurring later in life. 
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Figure - 8 

  

 Collagen fibres staining light blue in special staining. The tissue 

has fibrous appearance. 

 

 In low power nuclei of fibroblast appear small elongated spindle 

shaped bodies. 
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AIM OF THE STUDY 

 

 Anatomical knowledge of intervertebral disc at lumbar level 

especially L-4 & L-5 and L-5 & S-1 level is essential, as these two sites 

are vulnerable for disc prolapse.  

 

 The morphometry of the lumbar intervertebral disc at L-4 & L-5 

and L-5 & S-1 level is not necessary as the modality of treatment for disc 

prolapse keeps changing constantly.  

 

 Artificial discs are manufactured and are replaced at the disc space 

which is removed surgically for disc prolapse. Designing of artificial disc 

is always based on morphometric analysis of the disc. This morphometry 

varies from region to region and it varies in different races.  

 

 Hence, detailed study and data are required for designing of ideal 

implants. Hence, the morphometry of lumbar intervertebral disc at the 

level of L-4 & L-5 and L- 5 & S-1 is studied radiologically in this work.  

 Correlation of cell morphology with location in the disc could be 

important for establishing how the disc is altered with degeneration or 
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disease and for determining whether IVD cells possess the ability to 

change their phenotype 

 

 Histopathology of the normal intervertebral disc is not widely 

described in many textbooks and if at all, it comes under fibro cartilage 

variety. Hence, the histological study of normal human intervertebral disc 

is carried out with H & E and special stains.  

 

 Abnormal degenerated disc histology is carried out to study and 

demonstrate the changes in degenerated disc and to corelate whether disc 

degeneration due to age leads to disc prolapse or disc prolapse due to 

other causes leads to degenerative changes.  

 

 Another goal of the study is to find out if cytoskeleton composition 

like vimentin whether it is present or absent in normal non-herniated and 

abnormal herniated disc using immuno-histo chemistry.  
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REVIEW OF LITERATURE 

 

Lliker, in 1859, noted that the central portion of the intervertebral disc in 

a one-year-old child contained residual notochord cells. 

 

Todd and Pyle, (1928)49  in their anatomical laboratory at Western 

Reserve University, Cleveland, Ohio, conducted a quantitative study 

analysing vertebral column by direct and roentgenoscopic methods. On 

comparing white males and African American males, there is no 

difference between actual dimensions of total column length or 

individually in cervical thoracic and lumbar segments. If at all, such 

differences are observed, those are all accounted for differences in age. 

 

DC Keyes, EL Compere – (1932) the physiological and pathological 

significance of the intervertebral disc cannot be well appreciated without 

some knowledge of the developmental and structural anatomy. This was 

first carefully reported by von Luschka who traced the development of 

the notochord and the formation of the intervertebral disc in 1858. 

K#{246} 
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Coventry et al (1945)6 in their study about microscopic anatomy and 

pathology states that Vascular channels in CEP are normally present only 

up to the third decade of life. And further states that no central joint 

cavity present in intervertebral disc. No mucus was demonstrated in 

intervertebral disc. The peripheral bony ring, epiphysis is present as 

complete ring and not as incomplete one posteriorly 

 

Peacock (1951)36, More peripherally in the notochordal area, rows of 

cartilage cells are seen in an abundant matrix, those nearest the notochord 

encircle it and then pass to mingle with the cartilage of the vertebral 

bodies. A little further peripherally, the matrix is abundant and the cells 

run in parallel rows, with an outward convexity like that of the fibres of 

the annulus, seen still more peripherally.  

 

 In foetal life, the nucleus pulposus is produced by a modification of 

the notochord, characterized by the mucoid degeneration of its cells, 

resulting in the progressive disappearance of notochordal cells and 

increase of mucoid substance.  

 

Carl Hirsch (1951)4,  studies So long as the nucleus consists of a plastic 

substance with a high percentage of water it contributes towards an equal 

distribution of pressure over the whole area of the intervertebral disc. If it 
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loses part of this faculty such mechanical stresses and strains arise in the 

surrounding annulus that the latter is no longer capable of meeting even 

physiological demands made on it-, and there is a rupture. 

 

Ove Hassler (1969)33 performed micro-angiographic study on the 

vascular supply of  the  human intervertebral disc at different ages. In the 

children the vertebral margins of the discs were much more richly 

vascularized than in the adults. Regular vessels penetrating into the disc 

were found frequently in stillborn babies, sparsely in children aged 1 

month to 12 years, and not at all in adults, The angio-architecture in the 

neighbourhood of intra spongy nuclear herniations and intervertebral disc  

calcifications was normal. Irregular vascular ingrowths in granulation 

tissue in the disc occurred in cases of severe disc degeneration. 

 

G.Meachim et al (1970)24  in their study about fine structure of juvenile 

nucleus pulposus indicate that between age group 4-18 the human nucleus 

pulposus mainly consists of mesenchymal tissue. Foci of necrotic tissues 

are found in nucleus pulposus as remnants. It has abundant extra cellular 

matrix with scanty cells. 
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Pai RR et al (1976)35 in their study about neo vascularization of nucleus 

pulposus conclude Edge neovascularization was the most significant 

finding to confirm disc prolapse.  

 

 Fibrillation with fraying, was observed more frequently in 

prolapsed intervertebral discs and the grades of fibrillation with fraying, 

chondrocyte cloning, and granular change were significantly higher in the 

test group. pathologists can usually agree on the presence or absence of a 

particular histologic characteristic but are rarely consistent when they 

estimate the degree. Simple, reproducible agreed-on criteria are needed 

before semiquantitative evaluations become reliable. 

 

N bogduk et al (1981)2  in his study about nerve supply of intervertebral 

disc states that The lumbar intervertebral discs are supplied by a variety 

of nerves. The posterior aspects of the discs and the posterior longitudinal 

ligament are innervated by the sinuvertebral nerves. The posterolateral 

aspects of the discs receive branches from adjacent ventral primary rami 

and from the grey rami communicantes near their junction with the 

ventral primary rami. The lateral aspects of the discs receive other 

branches from the rami communicantes. Some rami communicantes cross 

intervertebral discs and are embedded in the connective tissue of  the disc 

deep to the origin of psoas. Such paradisal rami are likely to be another 
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source of innervation to the discs. The anterior longitudinal ligament is 

innervated by recurrent branches of rami communicantes. 

 

Jing yu et al in their study about collagen fibres states that Collagen 

forms the main  structural network of the disc. Bundles of collagen fibres 

in the annulus fibrosus form concentric lamellae. Within each lamella the 

collagen fibrils are arranged parallel to each other, but lie obliquely to the 

spinal axis, the direction reversing in adjacent lamella. Within the NP, the 

collagen forms a loose network of fine fibril. In addition to the collagen 

network, there is a network of elastin fibres which is an integral part of  

the structure of the IVD. As the disc deforms under various loads, the 

elastin fibre network is thought to play a significant role in maintenance 

of collagen organization and in the recovery of the disc size and shape 

after deformation. 

 

Trout JJ et al., (1982)47 in their study ‘Ultrastructure of human 

intervertebral disc – Changes in notochordal cells with age’ summarize 

the nucleus pulposus cells can be identified by light microscopy either in 

viable or necrotic stage. The cells which are viable have well developed 

endoplasmic reticulum and Golgi membranes, but were found to have 

scanty mitochondria. In necrotic cells, it was found to have osmiophilic 

masses with few identifiable membranes or organelles. Pericellular 
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matrix or nest which is distinct may exist around both necrotic and viable 

cells, and the increase in number of cells within nests increases with age. 

Though the necrotic cells become more common with age, still viable 

cells exist in the central nucleus pulposus of individuals as old as 91 years 

of age.  

 

Berry JL et al.(1987), in their morphometric study of human lumbar 

vertebra and selected thoracic vertebrae suggest that vertebral body 

height increases caudally except posteriorly where after initial increase in 

height, it decreases in lower lumbar vertebrae.  

 

Pazzaglia et al (1989) 34 in their study about development and involution 

of notochord in human spine state that Mitosis of notochordal cells stops 

at 3.5 mm stage of embryo which corresponds to 4-5 weeks of gestation. 

The total number of notochordal cells remain same as 12. After 5th week 

the increase in size and volume of the disc is only by production of mucin 

by the existing notochordal cells. at least up to this stage the notochordal 

cells have definite roll in the development of nucleus pulposus. 

 

 Though with the use of anti-epithelial antibody presence of 

notochordal cells were not able to demonstrate still it is present in adults 

in some studies. 
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Rudert M et al (1993)41 in their cadaveric study about lymph and blood 

supply of human intervertebral disc conclude that Immunohistochemical 

(antibodies against laminin) and histochemical methods (Ulex europaeus 

lectin, 5'-nucleotidase activity) were used to describe the vascular pattern 

of human intervertebral discs and the surrounding  tissue at different ages. 

Blood and lymph vessels were found in the connective tissue outside the 

annulus in all age groups. In the annulus blood vessels and lymphatics  

were detected up to 20 years of age, in the cartilage end-plate blood 

vessels appeared up to 7 years of age (cartilage canals). In the nucleus 

pulposus neither blood nor lymph vessels could be seen at any age. The 

occurrence of blood and lymph vessels in growing intervertebral discs 

help us to understand childhood discitis without simultaneous affection of 

the vertebral body. 

 

Mary K Chelberg et al(1995)26, state that there is evidence that suggests 

tissues of the intervertebral disc such as articular cartilage contain several 

phenotypically different chondrocyte cell populations. The histological 

data suggest the same may be true for both AF and MP. They have 

isolated cells from non-degenerative human nucleus pulposus and 

annulus fibrosis after enzymatic digestion and maintained in alginate 

bead culture system for up to six weeks. Though the cells remained viable 

and produce matrix, the cells did not divide.  
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 The cultured cells were stained for the presence of chondroitin 

sulphate and keratan sulphate, and for type I and II collagens. The keratan 

and chondroitin sulphate were produced by more than 60% of the annulus 

fibrosis and nucleus pulposus cells. This shows that still a significant 

population of cells did not produce these sulphates. This is an indication 

that a population of cells are present with the non-chondrocytic 

phenotype. 

 

Robert S et al., in their study about biochemical and structural properties 

of the cartilage endplate and its relation to the intervertebral disc, state 

that cartilaginous endplates which can consist of a thin layer of hyaline 

cartilage in between vertebral body and intervertebral disc is not 

uniformly thick. This thickness varies between different segments with an 

average about 0.6mm and when compared to annulus fibrosis, it is very 

thin over nucleus pulposus.  

 

 The micro-angiographical study at various ages conducted by Ove 

Hassler et al., suggest that the blood supply of intervertebral disc is 

markedly impaired as the age increases because of the penetrating vessels 

disappearing and the capillaries at the margin of the vertebra becoming 

sparse. The lumbar disc in adult is definitely thicker than those of 

children, which suggest that disc also becomes less easily diffusible as the 
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age increases. Hence, the nutrition of the disc is deficient in adults which 

may lead to degenerative changes.  

 

 There is a strong evidence for a connection between histological 

age changes and impairment of vascularization. This is one reason why 

the intervertebral disc in children are more vascularized than adults, and 

of course, the former are growing while the latter are in a static state. 

Also, they state that there is a strong association between disc 

degeneration and secondary vascular ingrowth.  

 

Robert S and Menage J et al., in their study about immunolocalization 

of collagen state that several types of collagen are known to exist in the 

intervertebral disc, in addition to the regular fibrillar collagens, type I and 

type II. Their study investigated the presence of type I, type II, type III, 

type IV, type VI, and type IX collagens in the intervertebral disc and 

CEP, by doing immunohistochemistry. They found that type III and type 

VI have pericellular distribution in human tissue and type IX collages 

was not stained in human intervertebral disc but it was present in lower 

animals.  
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Iatridis, James C et al (1996)16, in their study about mechanical 

behaviour of Human intervertebral disc whether it is solid or liquid 

conclude that nucleus pulposus exhibits significant visco elastic 

properties which includes both solid and liquid in response to shear 

transformation. It all depends on rate of loading whether nucleus 

pulposus behaves like liquid or solid. 

 

Ulrich Berlemann et al (1998)48  state that at the level of L4-L5 disc, the 

average anterior height was 12.7mm (standard deviation = 2.18). The 

middle disc space showed 10.2mm (standard deviation = 1.65) and 

posterior disc space showed 7.8mm (standard deviation = 1.79). The L5-

S1 disc level showed average anterior disc height was 12.7mm (standard 

deviation = 2.17), middle space was 8.8mm (standard deviation = 1.63), 

and posterior space was 6.8mm (standard deviation = 1.98). The mean 

difference between the anterior and posterior disc height at L4-L5 level 

was 5.6mm (3.2-7.7mm range), at the level of L5-S1 disc it was 5.9mm 

(3.6-9.2mm range).  

 

 The average anteroposterior disc diameter was 30.4mm (standard 

deviation = 3.67) at L4-L5 disc level and 28.6mm (standard deviation = 

2.98) at the level of L5-S1 disc. The disc convexity was more pronounced 
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at the level of L4-L5 disc than the L5-S1 disc, and this convexity is more 

pronounced in the frontal plane when compared to sagittal plane.  

 

 This convexity at L4-L5 and more significantly at L5-S1 level 

contributes for the lumbar lordosis and lumbo sacral curvature. 

 

Repanti M et al(1998)39 in their study about comparative histology study 

between herniated.  In autopsy specimens, blood vessels were identified 

in 78% of the retrieved discs. In contrast to the edge neovascularity 

observed in surgical specimens, capillaries were observed at the outer 

layer of AF surrounded by dense hyalinized and inactive-appearing 

collagen. From these results it is concluded that the blood vessels in 

extruded tissue from every type of herniation are newly formed, possibly 

through metaplasia of undifferentiated mesenchymal cells. It is also 

possible that they are derived from blood vessels that have invaded the 

AF as a result of disc degeneration. 

 

Zhou and McCarthy (2000)54 indicates that depth and width of vertebral 

endplates increase from L3-L5 vertebra, while the anterior vertebral body 

height remained same from L3-L5 vertebra. But the posterior height is 

decreased. Average disc height in lower lumbar segment was 11.6 ± 
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1.8mm for the L3-L4 disc, 11.3 ± 2.1mm at the level of L4-L5 disc, and 

10.7 ± 2.1mm for L5-S1 disc.  

 

Nicola C. Gries et al., (2000)30 in their study about histologic changes in 

lower lumbar discs, suggest that the network of microscopic blood 

vessels penetrates the cartilaginous endplates to principally provide 

nutrition for the disc and it disappears at the time of skeletal maturity. 

The sparse vascular supply in the outer part of lamellae of the annulus 

and a fully developed mature disk are totally dependent on diffusion of 

essential solutes across the endplates for metabolic exchange and 

nutrition of the disc.  

 

 The inner part of the intervertebral disc, the nucleus pulposus in 

particular, is completely aneural and avascular in the mature 

intervertebral human lumbar disc. Finally, the matured intervertebral disc 

is composed of heterogenous cell populations.  

 

Peng B et al., (2006)37 in their study about possible pathogenesis of 

painful intervertebral disc degeneration reveal that the characteristic 

histological changes of the intervertebral disc from the patient with 

discogenic low back pain was the ingrowth of vascularized granulation 

tissue along with torn fissures, extending from the outer layer of annulus 
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fibrosus into the nucleus pulposus. The immunohistochemical study 

showed that there were strong expressions of TGF-beta1 and bFGF and 

their receptors, as well as a strong expression of proliferating cell nuclear 

antigen in the zone of granulation tissue of the painful disc. This is very 

weakly expressed in non-granulation tissue zones, both in painful and 

aging discs, and absolutely no expression of such markers in a control 

disc.  

 

 In addition to that, abundant macrophages and mast cells were 

found in the granulation tissue zones of painful discs, but absent in the 

non-granulation tissue zones of painful aging and the normal control 

discs.  

 

 This study suggests that in a painful aging disc, zones of both 

granulation and non-granulation tissue exist.  

 

Kozaci et al.(2006)21, in their study about alterations in biochemical 

components of extracellular matrix in intervertebral disc herniation, 

conclude alterations in composition of intervertebral disc extracellular 

matrix, mainly collagen and proteoglycans will cause changes in 

mechanical properties of intervertebral disc which will lead to 

dysfunction and herniation of intervertebral disc. This may cause severe 
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clinical manifestation. Their findings suggest that before symptomatic 

outcome of disc herniation, where irreversible matrix loss occurs, a silent 

period prior to these changes exist.  

 

Eun-Su Moon (MD) et al.(2007)12, in their study about radiographic 

morphometry of lumbar intervertebral disk pace in normal Korean states 

that the height of the lumbar disc showed a cranio-cardal pattern in both 

male and female groups. The height of the L4-L5 disc were the highest at 

all three levels (anterior, middle, and posterior portion), whereas the 

height of the L4-L5 disc is maximum in females at middle and posterior 

portion. The height of the L5-S1 disc was the highest at anterior portion 

in female. Nevertheless, there was no significant difference between L4-

L5 and L5-S1 disc height in anterior portion. There was not much of a 

difference in the height of the disc between male and female except at 

anterior portion of L1-L2 and L2-L3. Also, their study states that there 

was no significant decrease in disc height in obese people at all measured 

site in both sexes, except at the posterior portion of the L1-L2 disc in 

males. In their study, the average magnification rate was 115% and the 

disc height were corrected by magnification rate in each segment.  

 

Zhao et al.(2007)53, in their study about cell biology of intervertebral 

disc aging and degeneration, conclude that during aging and 
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degeneration, the cells in the intervertebral disc undergo multiple 

biological changes which includes an altered cell type, change in the 

density of the cell depth, cell proliferation, cell senescence and cell 

phenotype. So, there are two types of factors involved in the process of 

disk degeneration, which are number of viable cells and altered cell 

phenotype. 

 

 Protein injection, cell implantation, and gene transfer and apoptosis 

suppression and senescence are potentially biological therapies for disk 

degeneration. But these interventions must be carried out at a very early 

stage of disk degeneration.  

 

Gocmen-Mas et al (2010)14, in their evaluation of lumbar vertebral body 

and lumbar disc, state that the anterior measurements of the vertebral 

body and AP diameters of vertebral body, the height of the intervertebral 

disc and the volume did not show any sexual dimorphism (p < 0.0.5). The 

height of the intervertebral disc and the volume increased gradually from 

L1-L5 (p < 0.01). The anterior height of L1, L2, and L3 disc spaces were 

linearly decreased with regard to the aged, and the correlation coefficient 

was statistically significant.  
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Banik and Rajkumari 44, in their study, showed that there is an increase 

in all the diameters from L1-L5, with a narrowing at the L3 level in all 

cases. Therefore, lumbar vertebra L3 remains the transition point, in all 

types of measurements and hence, maybe, the possible site for nerve 

compression, due to canal stenosis, which is considered to be a major 

cause for low back pain.  

 

Chang Hwa Hong et al.(2010)5, in their study about measurement of 

intervertebral disc space using magnetic resonance imaging (MRI), state 

that, regarding intervertebral disc height of both male and females, 

increases in height between L1 and L2 to the height between L4-L5 

vertebra and it decreased between L5-S1 vertebra.  

 

Liebscher et al.(2011)22, in their study about age-related variation in cell 

density of human lumbar intervertebral disc, investigated changes in total 

number of cells and its density in endplate, nucleus pulposus, annulus 

fibrosis during aging by the Abercrombie method for twenty-two 

samples. It concludes that the density of the cells in endplate, nucleus 

pulposus, and annulus fibrosis, decreased significantly from 0-16 years of 

age with major changes occurring in the first three years for annulus 

fibrosis and nucleus pulposus. No significant changes were observed 

thereafter.  
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Albitz JS et al (2012)1, in their study observed average length of 

interspinous space was larger at L-4 to L5 level (13mm ag L4-L5 and 

9mm at L5-S1 level). Poor correlation existed between disc height and 

disc angle in interspinous height. 

 

Ismail Malkoc et al (2012)17, found in their study that though there are 

little variations in some level, the anterior and posterior heights of the 

vertebral disc showed insignificant age and gender changes. Significantly, 

the depth of the disc has changed with increasing age, in both sexes, but 

the shape index did not show sex differences generally.  

 

Lidar and Behrbalk (2012) carried out a study on thirty morbidly obese 

adults who had undergone bariatric surgery for weight reduction. The 

height of the disc space was measured one year before and after surgery. 

The bodyweight decreased one year after surgery from an average of 

119.6 ± 20.7 kgs to 82.9 ± 14 kgs, which corresponds to the reduction in 

body mass index (BMI) by an average of 42.8 ± 4.8 kg/ square metre to 

29.7 ± 3.4 kg/square metre (p < 0.001). The height of the L4-L5 disc 

space increased from 6 ± 1.3mm prior to surgery to 8 ± 1.5mm one year 

after the surgery (p < 0.001). The radicular pain decreased significantly 

after surgery.  
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 In refute of the study conducted by Lidar and Behrbalk, 

Arzpeyma states that there is no association between overweight and disc 

height, but there is a positive relationship between obesity and total score 

of disc herniation at L1-S1. At L1-L2, L2-L3, L5-S1, there was no 

association between obesity and overweight and disc herniation. So, their 

study noted positive and significant association between 

obesity/overweight and disc degenerative changes in lumbar spine. 

 

 Hence, in the management of low back pain, prevention and 

treatment of being overweight or obese must be a public health priority. 

 

Mathew et al (2012)23, studies establish conclusively that notochordal 

cells act as embryonic precursors to all cells found within the nucleus 

pulposus of the mature intervertebral disc. This suggests that notochordal 

cells might serve as tissue-specific progenitor cells within the disc and 

establishes the Noto-cre mouse as a unique tool to interrogate the 

contribution of notochordal cells to both intervertebral disc development 

and disc degeneration. 

 

Olga A Boubriak et al (2013)32 in their study about blood supply in 

relation to disc height states that the density of viable cells in the disc is 

governed by nutrient supply.  
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Interruption of this supply at any point, whether the result of a restriction 

in blood supply to the vertebral bodies or because of structural changes at 

the endplate, will lead to a loss of viable cells. 

 

Yasuma T et al51,  in their study about presence of blood vessels states 

that Six hundred surgical cases of lumbar intervertebral disc herniation 

were evaluated histologically for the presence of blood vessels. The 

presence of blood vessels in intervertebral discs was also investigated in 

post-mortem specimens. Most of the blood vessels seen in the extruded 

tissue, exposed to the epidural space in cases of complete and incomplete 

prolapse type of herniation, are thought to have been newly formed after 

herniation occurred. As invasion of the intervertebral disc by blood 

vessels was found to occur with the advance of age, it is possible that 

such blood vessels become extruded with the intervertebral disc. 

 

David H Cormack8  in his book of Hams histology ( page 335) says that 

in the course of vertebrate evolution, the notochord became replaced by 

bony vertebrae , the bodies of which are joined by intervertebral disc.The 

nucleus pulposus is believed to be the evolutionary heritage of notochord. 

The central part of the nucleus pulposus and the inner annulus fibrosus 

are made up of mainly by type II collagen. However, the outer part of 



 
 

43  
 

nucleus pulposus and remaining annulus fibrosus contain type I collagen, 

the one which is found in tendon and bones.  

 

Wojciech Pawlina50 in his text book of  histology (text and atlas -page 

200) state that the chondrocytes are dispersed among collagen fibres 

singularly ,in rows, and in isogenous groups. Though these chondrocytes 

are similar to one which is present in hyaline cartilage but differ in the 

quantity of presence of matrix as they have less cartilage matrix and 

absence of perichondrium. 

 

 In sections populations of cells with round nuclei with surrounding 

amorphous matrix will be seen typically. These nuclei belong to 

chondrocytes. Within the the fibrous tissue nuclei are elongated which 

belong to fibroblast nuclei. Both type I and type II collagen are typically 

present in the extracellular matrix of the fibrocartilage. 

 

Susan Standing45  in her text book of anatomical basis of clinical 

practice (Grays text book of anatomy) states that the intervertebral discs 

in the cervical and lumbar region are thicker anteriorly than posterior part 

which is responsible for the lordosis at cervical and lumbar spine. In the 

thoracic level discs are uniform in thickness, hence the kyphosis of 

thoracic spine is mainly contributed by vertebral bodies. Intervertebral 
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discs adhere to the thin layers of cartilage on superior and inferior surface 

of bodies of adjacent vertebrae. These vertebral endplates consist of both 

fibro and hyaline cartilage. It further says the fibres of successive 

lamellae in annulus fibrosus cross each other obliquely in opposite 

directions, thus limiting rotation. Posterior most fibres may sometime be 

predominantly vertical which possibly predisposes them for herniation. 

Regrading nucleus pulposus it stays that the nucleus pulposus is better 

developed in cervical and  lumbar region and its exact position of the 

nucleus pulposus is slightly eccentric toward posterior edge and nucleus 

pulposus at birth is large, soft and gelatinous which contains 

multinucleated notochordal cells at birth, later notochordal cells disappear 

and it contains mucoid material 

 

  Sayed et al, (2014)11 states that the mean anterior height of lumbar 

vertebral bodies gradually increased from L1-L5, whereas the mean 

posterior height shows increase in measurement from L1-L2, and 

subsequent decrease in measurement from L2-L5. The mean anterior 

intervertebral disc height showed gradual increase whereas the posterior 

disc height showed no specific pattern, except that the narrowest posterior 

height was at L5-S1 level, and the widest posterior height was at L4-L5 

level. The disc depth was almost constant, from L1-L2 and L3-L5 disc 

levels.  
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 Lawson and Harfe(2015) 20 suggesting that the forming vertebra exert 

pressure on the notochord, resulting in cell movement, has been obtained 

through the analysis of mutant mice. We have proposed that the removal 

of vertebrae and the resulting absence of notochord cells transiting into 

NP are due to the absence of this putative force-producing structure. In 

these experiments, the signalling molecule Sonic Hedgehog (Shh) was 

removed. It is possible that the removal of Shh directly or indirectly 

halted the formation of NP independent of the proper formation of 

vertebrae. Experiments in which the notochordal sheath or vertebrae are 

physically removed during normal development could lead to 

confirmation of the key role vertebrae formation may play in disc 

patterning 

 

Agichani et al (2018)  state that in lumbar vertebrae, the average anterior 

height is usually less than posterior height. However, at L5 and L4-L5 in 

cadavers and radiographs respectively, this is not the case. The average 

anterior height increases from L1-L3, decreases at L4, and increases 

again at L5 in both cadavers as well as radiographs. The average posterior 

height increases from L1 to L2 in cadavers and includes L3 on 

radiographs. There is no significance when comparing the anterior and 

posterior heights of bodies of all lumbar vertebra of different age groups. 
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But, the gender difference in these heights of bodies of all lumbar 

vertebra is statistically significant.  

 

In their study, E.S. Moon and J.Y. Kim et al (2018)10 reported how the 

lumbar disc showed cranio-caudal pattern in both male and female group. 

L4-L5 disc heights were highest at anterior, middle, and posterior portion 

in male. L4-L5 disc heights were highest in middle and posterior portion 

in females. L5-S1 disc height was highest at anterior portion in male and 

female. In their radiological study, their average magnification rate of 

images was calculated to be 15% and accordingly disc height was 

corrected by using a formula (x*100) / 15.  

 

Mehmut Demir et al (2018),  state that measurement of mean disc 

heights at the level of L4-L5 is 14.3mm in men and 13.6mm in women. 

At the level of L5-S1, this height was 13.92mm in men and 14.45mm in 

women.  
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MATERIALS AND METHODS 

 

 Subjects of this study were 50 X-rays of lumbosacral spine in south 

Indian population. 

 

 For histological studies of intervertebral disc specimens are 

collected from Post-mortem cases for non-herniated disc and for 

herniated disc specimens are collected from operation theatre from cases 

undergone discectomy for disc prolapse surgeries at Govt kilpauk 

medical college hospital, Kilpauk, Chennai-10. 

 

Inclusion criteria were, 

1. Age between 20-30 yrs. 

2. No prior spine surgeries. 

3. No pregnancy at present and past. 

4. Unnatural death between the age group of 20-25 for non-herniated disc 

 

Exclusion criteria were, 

1. Age above 30 yrs. 

2. Definite Diagnosis of Lumbar spine pathology. 
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3. Definite clinical spinal abnormality both during clinical 

examination and on x-rays. 

4. Definite diagnosis of rickets osteoporosis and diabetes and long-

time drug intake like steroids and anticonvulsants. 

5. Any long term morbidity. 

6. X-rays showing degenerative changes like osteophyte formation. 

 

 For morphometric measurements of intervertebral disc plain 

radiograph of lumbosacral spine taken both anteroposterior and lateral 

views are taken. Lateral views are taken in lateral recumbent position 

with hip and knee flexed at 45 degrees so that well balanced position on 

spine is obtained. For both views are taken with 100 cms gap between 

spine and x-ray beam. 

 

Figure - 9 
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 As the radiograph image is usually a magnified than the actual 

measurement normally by 115%. Hence the actual measurement arrived 

at calculation of a X100/115 where a is the actual measurement10. 

 

 Accordingly, calculations are made for all dimensions that were 

measured and final corrected value has been arrived and tabulations 

made. 

 

 Non herniated disc is collected from autopsy in the forensic 

department during post-mortem. Age group between 20-30 with 

unnatural death like road  traffic accidents has been selected for removing  

the disc. 

 

 Special consent being obtained for removing normal disc. 

Routinely all three cavities are opened by Virchow’s method. after 

removal of abdominal contents including aorta the lumbar vertebral 

column with its anterior longitudinal ligament is very well seen. 

 

 After cutting the longitudinal ligament and retracted the 

intervertebral disc is very well seen. 23 no blade is used to remove the 

intervertebral disc and after washing thoroughly in running water and 

immediately handed over to Department of Pathology for staining 
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procedures. All surgical samples were immediately fixed in 10% buffered 

formaldehyde, pH 7.4 for approximately 12 -16 hours. Cases with 

obvious calcification or residual bone material were gently decalcified in 

0.1 M EDTA, pH 7.4 until complete decalcification. The paraffin 

embedded specimens were cut (2-4 μm) in slices, placed on salinized 

glass slides for routine staining (H&E, Masson-Trichrome) and evaluated 

by light microscopy. A micromorphological distinction between annular 

and nuclear disc tissue was performed by use of light microscopic criteria 

particularly under polarized light, allowing the evaluation of the 

organization of the collagen network. 

 

 

 

Figure - 10 
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Figure - 11 

 

PARAMETERS 

1.Vertebral body height Anterior (VBH-A) 

2.Vertebral body height posterior (VBH-P) 

3.Anterior disc height (ADH) 

4.Middle disc height (MDH). 

5.Posterior disc height (PDH) 

 

 With the above parameters the fallowing morphometric indices are 

arrived through formulas give below, 

1. Relative disc height index-I (1) 

   I (1) = (ADH+PDH) / (VBHA+VBHP) 
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2. Disc convexity index-I (2) 

   I (2) =MDH / (ADH+PDH) 

3. Disc anteroposterior wedge index-I (3) 

   I (3) =ADH/PD) 

 

EMBRYOLOGY OF THE INTERVERTEBRAL DISC: 

 In the early weeks of embryonic development at about 4th weak the 

vertebral column develops from the embryonic mesoderm. The inductive 

influence of the notochord and neural tube is responsible for the 

development of the individual vertebra by the way of segmentation of 

sclerotome and myotome. 

 

 During gastrulation of the human embryo in the third week of 

gestation, the epiblast gives rise to the primary germ layers: ectoderm, 

mesoderm, and endoderm. Cords of cells appear from primitive node and 

cranially extends within mesoderm and contributes for the formation of 

first axial structure, the notochord. During subsequent stages of the 

notochordal development the notochordal cells merge with the endoderm 

to form notochordal plate which subsequently detaches. Thus, whether 

the notochordal origin is mesodermal or endodermal is controversial; 

however, it is likely to be primarily from mesoderm with some 

endodermal cells after detachment. In the third week (20th day), the 
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paraxial mesodermal cells start to migrate and aggregate bilaterally 

resulting in the formation of the somites .Each of these paraxial pearls 

which forms somites is then divided into two parts, the dorsolateral 

dermomyotome and  ventromedial sclerotome. 

 

  For some years, it has been agreed that the sclerotomes together 

with the notochord are the origin of the IVDs. The sclerotome is 

subdivided further into two halves, caudal and rostral. The cells in the 

sclerotome is differentiated into lateral group and medial group. While 

the lateral group of cells in the sclerotomes give rise to many structures 

including the ribs, the medial group of cells migrate towards the 

notochord to form the peri notochordal sheath, which is essential for the 

development of the vertebral bodies and the IVDs. The notochordal 

sheath is unsegmented initially and includes cells from the right and left 

sclerotomes. , dense and loose cell populations  appear clearly soon after. 

The former are the regions where the IVDs will arise, and the latter 

constitute the anlagen of the vertebral bodies. By the time the vertebral 

bodies. 
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Figure - 12 

 

Undergo chondro-genesis, the dense cells after aggregation move toward 

the formation of the annular fibrosus. In fact, the AF has two parts: the 

outer zone, where the cells differentiate to fibroblasts that produce highly 

oriented fibroblastic lamellae; and the inner zone, which shows 

cartilaginous differentiation. Concurrently, the notochordal cells present 

in the centre of the developing vertebral bodies slowly dis-appear by 

moving toward the area of the NP. Although the mechanism of this 

relocation is not fully understood, two main models have been proposed. 

One, the pressure model, suggests that the notochordal tissue is pushed 

into the NP; the other suggests that attractant/repulsive molecules have a 
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role in this migration (Lawson and  Harfe, 2015)20.During the 

development of foetus, the nucleus pulposus is composed of notochordal 

cells that synthesize a matrix rich in gelati-nous proteoglycans and 

collagen type II (Peacock,1951)36.  The notochordal cells start to 

disappear progressively shortly after birth while new cells appear 

(Peacock, 1952). Recent studies of the origin of the NP cells through the 

entire lifespan of mice revealed that the notochord serves as the only 

progenitor since its cells differentiate to the large-vacuolated and small 

cartilage-like cells of the NP, and the same is likely to be the case in 

humans (Mathew et all). This differentiation has been attributed partially 

to mechanical and nutritional stress, to which notochordal cells are less 

resistant than NP cell. Furthermore, other studies have hypothesized that 

the NP retains notochordal cells throughout the lifespans of all animals 

.Throughout the whole process, several molecular pathways are involved 

starting from the development of the notochord, which is itself 

fundamental as both a structural unit and a signalling centre that 

organizes the development and survival of adjacent structures including 

the somites. 
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RESULTS 

 

Totally 250 participants were included in the Study. Among them Male 

and Female were equally distributed which is clear from Table1. 

 

Table 1: Frequency of gender 

Gender Frequency Percent 

Male 25 50.0 

Female 25 50.0 

Total 50 100.0 
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Table 2: Distribution of Morphometric analysis of  

Lumbar vertebral body height at lumbar region 

Lumbarvertebra 
ABH PBH 

Mean SD Mean SD 

1 25.36 0.49 30.30 0.89 

2 27.33 0.65 30.41 0.71 

3 26.07 0.28 27.77 0.49 

4 24.52 0.42 26.84 0.35 

5 24.35 0.34 23.29 0.35 

 
 The above table shows the anterior and posterior body height was 

increased in the L2-L3 lumbar  region. 

 
Figure 13: Mean comparison of APH and PBH in the  

various lumbar level 

 

  
 The figure 14 shows the Anterior body height and the posterior 

body height travel in the same direction from the L1-S1. 
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Table 3: Distribution of Disc height of Lumbar region 

Lumbar disc ADH MDH PDH 

 Mean SD Mean SD Mean SD 

L1-L2 disc 6.68 0.27 6.38 0.22 5.39 0.20 

L2-L3 disc 9.20 0.19 8.23 0.16 6.58 0.14 

L3-L4 disc 11.16 0.20 8.59 0.22 7.99 0.13 

L4-L5 disc 12.53 0.22 9.36 0.26 8.94 0.16 

L5-S1 disc 13.99 0.15 9.14 0.09 6.62 0.21 

 
 The disc height of Anterior, medial and posterior was less in the 

region of L1-L2. The table 2 and 3 shows the mean body height and disc 

height is not depend each other. 

 
Figure 14: Disc height of anterior, Medial and Posterior  

among the various lumbar region 

 

 The above figure interprets the disc height is increased in the 

anterior region at the all level as compared to middle and posterior 

region. 
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Table 4: Distribution of index of Lumbar disc at various region 

Lumbar Disc 
RDHI DPWI DCI 

Mean SD Mean SD Mean SD 

L1-L2 disc 0.22 0.01 1.24 0.03 0.53 0.01 

L2-L3 disc 0.11 0.00 1.40 0.01 0.52 0.00 

L3-L4 disc 0.36 0.01 1.40 0.01 0.45 0.01 

L4-L5 disc 0.42 0.01 1.40 0.01 0.44 0.01 

L5-S1 disc 0.43 0.01 2.12 0.06 0.44 0.00 

 
 The above table shows the RDHI and DPWI mean value is 

increased in the region of L5-S1. Disc Convexity index value is increased 

in the L1-L2 region.  

 
Figure 15: Mean comparison of indexes at various region 

 

 The figure 16 shows the DPWI and DCI index value are similar in 

the region of L4-L5 and L5-S1. 
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Figure 16: Mean comparison of Anterior body height among  

the both genders at the various region 

 

 The figure 17 shows the anterior body height is more in the region 

of L2-L3 and L5-S1 among the male participants than the female 

participants. 
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Figure 17: Mean comparison of Posterior  body height among the 

both genders at the various region 

 

 

 

 The figure 18  represent the mean posterior height is approximately 

equal in all the lumbar regions among the male and female participants. 
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Figure 18: Mean comparison of Anterior Disc height among  

the both genders at the various region 

 

 

 The above figure shows the anterior disc height is increased as the 

lumbar level  increases. There is not much difference among  male and 

female participants. 

 

 

 

 

 

6.5

9.3

11.1
12.6

14.0

6.8

9.1

11.2
12.5

14.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

L1-L2 L2_L3 L3_L4 L4_L5 L5_S1

Male

Female



 
 

63  
 

 

 

 

Figure 19: Mean comparison of Medial Disc height among the both 

genders at the various region 

 

 

 

 The above figure shows the medial disc height among the male and 

female participants in the all the lumbar are approximately equally 

distributed. 
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Figure 20: Mean comparison of Posterior Disc height among  

the both genders at the various region 

 

 

 The above figure shows the posterior disc height is increased 

among the female participants in the region of L1-L2 and L5-S1 than the 

male participants. 
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Figure 21: Mean comparison of RDHI among the both  

Genders at the various region 

 

 

 The figure 22 represent the RDHI score  is very low  in the region 

of L2-L3  and  the score is high L5-S1 region as compared to the other 

regions. However there is no much difference among the male and female 

participants 
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Figure 22: Mean comparison of  DPWI  among the 

both genders at the various region 

 

 

 The figure 23 represent the DPWI mean score increased in the 

region of L5-S1 among the male participants than the female participants 
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Figure 23: Mean comparison of DCI among the both  

genders at the various region 

 

 

 The figure 24 represent the DCI score is approximately equal  in 

the all lumbar level  among the male participants than  the female 

participants 
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Table 5: Mean Comparison of   ABH between the Gender 

Lumbar 

vertebra 
Gender Mean SD t Df Sig 

Confidence 

Interval 

 

LL UL 

L-1 vertebra 
1 25.293 0.347 

1.017 38 0.315 0.138 0.418 
2 25.433 0.594 

L-2 vertebra 
1 27.381 0.849 

0.530 32 0.600 0.277 0.472 
2 27.284 0.355 

L-3 vertebra 
1 25.985 0.174 

2.155 35 0.038* 0.010 0.318 
2 26.148 0.338 

L-4 vertebra 
1 24.646 0.404 

2.247 47 0.029* 0.027 0.484 
2 24.391 0.399 

L-5 vertebra 
1 24.257 0.259 

1.889 41 0.066 0.012 0.366 
2 24.434 0.390 

*p < 0.05 

 

 The Mean Anterior body height is significantly different in the 

region of L3-L4 and L4-L5 region among the male and female 

participants.  The same is trivial from the figure 25. 
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Figure 24: Error plot of ABH among the both genders in the lumbar region 
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Table 6: Mean Comparison of   PBH between the Gender 

Lumbar 

Vertebra 
Gender Mean SD t df Sig 

Confidence 

Interval 

LL UL 

L-1 

vertebra 

1 30.432 0.310 
1.057 27 0.300 0.249 0.779 

2 30.168 1.214 

L-2 

vertebra 

1 30.624 0.929 
2.243 27 0.033* 0.037 0.825 

2 30.192 0.247 

L-3 

vertebra 

1 27.688 0.413 
1.168 44 0.249 0.117 0.440 

2 27.850 0.555 

L-4 

vertebra 

1 26.942 0.372 
2.212 46 0.032* 0.019 0.406 

2 26.729 0.304 

L-5 

vertebra 

1 23.281 0.221 
0.167 34 0.868 0.187 0.221 

2 23.298 0.451 

 

 There is a significant difference in the mean posterior body height 

of the lumbar region L2-L3 and L4-L5 among the male and female 

participants.  
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Figure 25: Error plot of PBH among the 

both genders in the lumb region 

 

 

 The error plot indicates in the posterior body height the 95% of 

confidence interval is narrowed it interprets the male posterior body 

height is more than the female. 
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Table 7: Mean Comparison of  ADH between the Gender 

 

Intervertebral 

Disc 
Gender Mean SD t df Sig 

Confidence 

Interval 

LL UL 

L1-L2 disc 
1 6.519 0.191 

5.547 46 0.000* 0.059 0.329 
2 6.848 0.227 

L2-L3 disc 
1 9.292 0.189 

3.542 46 0.001* 0.075 0.273 
2 9.118 0.158 

L3-L4 disc 
1 11.092 0.178 

2.572 47 0.013* 0.029 0.240 
2 11.227 0.193 

L4-L5 disc 
1 12.614 0.213 

2.312 47 0.025* 0.021 0.304 
2 12.455 0.198 

L5-S1 disc 
1 13.967 0.116 

1.339 42 0.188 0.028 0.138 
2 14.022 0.170 

 

 The anterior disc height is increased in the lumbar region of L2-L3 

and L4-L5 among the male population and L1-L2 and L3-L4 among the 

Female population. Also, the difference in these level is significant 

among male and female participant. There was no difference in the L5-S1 

level among the both genders. 
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Table 8: Mean Comparison of MDH between the Gender 

 

Intervertebral 

Disc 
Gender Mean SD t Df Sig 

Confidence 

Interval 

LL UL 

L1-L2 disc 
1 6.287 0.198 

-3.155 47 0.003* 0.065 0.294 
2 6.466 0.204 

L2-L3 disc 
1 8.287 0.183 

2.483 39 0.017* 0.020 0.194 
2 8.180 0.113 

L3-L4 disc 
1 8.520 0.198 

-2.464 47 0.017* 0.027 0.263 
2 8.665 0.217 

L4-L5 disc 
1 9.436 0.246 

2.604 47 0.012* 0.025 0.198 
2 9.274 0.251 

L5-S1 disc 
1 9.106 0.078 

-2.782 46 0.008* 0.019 0.116 
2 9.174 0.093 

 

 

 The middle disc height is increased in the lumbar level of L2-l3 

and L4-L5 among the male population and L1-L2, L3-L4 and L5-S1 

among the Female population. There is a significant mean difference in 

the medial disc height in all the lumbar levels among the Gender. 
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Table 9: Mean Comparison of PDH between the Gender 

 

Intervertebral 

Disc 
Gender Mean SD t df Sig 

Confidence 

Interval 

LL UL 

L1-L2 disc 
1 5.288 0.153 

3.981 45 0.000* 0.050 0.199 
2 5.487 0.197 

L2-L3 disc 
1 6.638 0.156 

3.429 36 0.002* 0.050 0.193 
2 6.516 0.083 

L3-L4 disc 
1 7.957 0.102 

2.043 41 0.047* 0.001 0.148 
2 8.031 0.151 

L4-L5 disc 
1 8.997 0.144 

0.664 47 0.510 0.003 0.006 
2 8.886 0.159 

L5-S1 disc 
1 6.485 0.204 

5.696 37 0.000* 0.171 0.360 
2 6.750 0.113 

 

 

 There is significant mean posterior disc height difference between 

the gender in all the lumbar level except L4-L5.  The Posterior disc height 

is increased in the lumbar level of L2-L3 among the male population and 

L1-L2, L3-L4, L5-S1 among the Female population.   
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Table 10: Mean Comparison of RDHI between the Gender 

  

Intervertebral 

Disc 
Gender Mean SD t df Sig 

Confidence 

Interval 

LL UL 

L1-L2 disc 
1 0.222 0.011 

0.000 48 1.000 0.006 0.006 
2 0.222 0.011 

L2-L3 disc 
1 0.115 0.004 

1.220 32 0.231 0.050 0.193 
2 0.113 0.002 

L3-L4 disc 
1 0.355 0.006 

0.846 42 0.402 0.003 0.006 
2 0.357 0.009 

L4-L5 disc 
1 0.419 0.008 

1.418 46 0.163 0.001 0.005 
2 0.418 0.007 

L5-S1 disc 
1 0.430 0.009 

2.131 47 0.038* 0.000 0.010 
2 0.435 0.008 

                                                                      

                                                                                                                                   

 The RDHI shows the L5-S1 height is increased among the female 

population than the male population. In L5-S1 there is significant mean 

difference among the gender in RDHI. 
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Table 11: Mean Comparison of DPWI between the Gender 

 

Intervertebral 

Disc 
Gender Mean SD t df Sig 

Confidence 

Interval 

LL UL 

L1-L2 disc 
1 1.233 0.024 

1.906 44 0.063 0.031 0.008 
2 1.248 0.032 

L2-L3 disc 
1 1.400 0.014 

0.238 47 0.813 0.001 0.003 
2 1.399 0.014 

L3-L4 disc 
1 1.394 0.013 

0.981 46 0.332 0.004 0.012 
2 1.398 0.016 

L4-L5 disc 
1 1.402 0.010 

0.073 47 0.942 0.005 0.006 
2 1.402 0.009 

L5-S1 disc 
1 2.156 0.062 

5.743 33 0.000* 0.050 0.106 
2 2.078 0.028 

 

 

 The DPWI shows at L5-S1 level is increased among the male 

population in L5-S1. There is significant mean difference in L5-S1 level 

among the gender in DPWI 

 

 

 



 
 

77  
 

 

Table 12: Mean Comparison of DCI between the Gender 

 

Intervertebral 

Disc 
Gender Mean SD T df Sig 

Confidence 

Interval 

LL UL 

L1-L2 disc 
1 0.532 0.005 

39.140 1 0.008* 0.002 0.005 
2 0.524 0.008 

L2-L3 disc 
1 0.520 0.003 

3.746 44 0.001* 0.007 0.009 
2 0.523 0.002 

L3-L4 
1 0.447 0.005 

1.586 42 0.120 0.001 0.006 
2 0.450 0.007 

L4-L5 disc 
1 0.437 0.005 

1.418 46 0.163 0.001 0.005 
2 0.435 0.006 

L5-S1 disc 
1 0.445 0.004 

3.755 40 0.001* 0.002 0.006 
2 0.442 0.003 

 

 The disc convexity index is increased among the male population 

in the level of L1-L2 region and L5-S1 level and L2-L3 region among the 

female population. The mean DCI in male is significantly different from 

female which is very clear from the above table. 



 

 

Figure-26:  H&E of Nucleus pulposus 

 

 

Figure-27: Normal intervertebral disc with H&E from inner annulus 
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Figure-28: Shows normal intervertebral disc stained by special stain 

(MAT). Collagen fibres are arranged in wavy pattern and stained in light 

blue colour. Collagen fibres in successive lamellae are in different 

direction making an angle with collagen fibres in successive lamellae. 

Chondrocytes seen as single and it is parse in nature.  
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Figure-29: Prolapsed disk – H & E 

 

 

Figure-30: Prolapsed disk with Masson’s Trichrome stain 



 

 

 

 

Picture -31: Prolapsed disk with Masson’s Trichrome stain 

 

 

 

Picture -32: Prolapsed disk with Masson’s Trichrome stain 
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shows proliferation of chondrocytes 

 

 

Picture - 33: Desiccated disk H & E Stain 
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Picture -34: Desiccated disk H & E Stain shows the blood vessels 

penetrating into fibrous tissue 

 



 

 

Picture - 35: Morphometry of Lumbar Vertebra 
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DISCUSSION 

Morphometry of intervertebral disc: 

Anterior height of the body of L1 vertebra:  

 Fallowing observations are made while reading the anterior height 

of the lumbar vertebrae. 

 
 Regarding the anterior vertebral body height at the lumbar level 

there is increase in height from L1 to L2 in both genders, but is also noted 

that anterior body height is slightly less in female gender,  from L-3 

vertebra onwards the anterior body height starts decreasing progressively 

in both genders . 

 

 Regarding the posterior vertebral body height it is progressively 

decreasing from L-1 to L-5, but when compared to the  height of the 

anterior body the height of the posterior body is more form L-1 to L-4 

with no gender variation, but in case of L5 vertebra the posterior body 

height is less when compared to anterior body height. The mean value of 

anterior body height is 25.36 with standard deviation of 0.49 and in case 

of L-2 the mean value is 27.33 with standard deviation of 0.65in case of 

L-3 vertebra , the mean value is 23.07 with standard deviation of 0.25L4 

vertebra has a mean value of 24.52 with a standard deviation of 0.4 In 

case of  L-5 the mean value is 20.35 with standard deviation of 0.35 
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Coming to the posterior body height  for L-1 the mean value is 30.30 with 

a standard deviation of 0.89L2 has a mean value  of 30.41 with SD of 

0.71 For L3 the mean is 27.77 with a standard deviation of 0.79 L-4 has a 

mean of 26.84 with a SD  of 0.35  In case of L5 the mean is 23.29 with 

SD of 0.35.The above values show that in anterior body height the L-3 

vertebra is seen to be a transitional where , above L-3 the heights of the 

vertebral bodies are progressively increasing and below L-3 it is seen to 

progressively decreasing.  

 

 By carefully analysing the intervertebral disc height at lumbar level 

it was noted that there was progressive increase in the anterior disc height 

from L-1 /L-2 to L-5/ S-1 disc level and maximum anterior height was at 

L-5/S-1 level. 

 

 Regarding the height of the disc at the middle level it was noted 

that there was a progressive increase till the level of L-4/L-5 level and 

there was a mild reduction at L-5/S-1 when compared to L-4/L-5. 

  

 When comparing to height of the intervertebral disc posteriorly, 

there is progressive decrease from L-1/L-2 to L-5/S-1 level suggesting 

that the disc at L-5/S-1 level is wedge shaped contributing to the lumbar 

lordosis. 
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In this study the height of the intervertebral disc in the middle and 

posterior end  is highest at L-4-L-5 disc whereas the anterior height is 

highest at L-5-S-1 disc. 

 

 This is in contrast to the observation by ES Moon et all in their 

radiological study on morphometry of lumbar disc which states that the 

highest disc space is at L-4-L-5 level in male and in female the highest 

space was at L-5-S-1 level. In the present study there is no gender 

difference regarding the height of the intervertebral disc space. 

 

 Sonali Agichani et all in their study about morphometry of lumbar 

vertebrae in central Indian population conclude that average anterior 

height is < than posterior height except at L-5. This study further states 

that the anterior height increases from L-1-L-3 and decreases from L-4-L-

5 where as in this study anterior body height increases from L-1-L-2 and 

thereafter it decreases. 

 

 Ulrich Berlemann et al. state that at the level of -L4-L-5 disc, the 

average anterior height was 12.7mm (standard deviation = 2.18) where as 

in this study it is 12.53 mm with standard deviation of 0.22(table-3). The 

middle disc space showed 10.2mm (standard deviation = 1.65) where as 

in this study it is 9.36mm with standard deviation of 0.26(table3), and 
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posterior disc space showed 7.8mm (standard deviation = 1.79) where as 

in this study it is 8.94 with standard deviation of 0.16. The L5-S1 disc 

level showed average anterior disc height was 12.7mm (standard 

deviation = 2.17) and in this study it is about 13.99 with SD of 0.15, 

middle space it is  8.8mm (standard deviation = 1.63)and in this study it 

is  9.14mm with SD of 0.09, and posterior space was 6.8mm (standard 

deviation = 1.98) where as in this study it is about 6.62mm with SD  of 

0.21. 

The various indices for the lumbar intervertebral disc. 

1 -RDHI (relative disc height index) 

 The index from the table shows (-) it is the highest at L-5/S-1 level  

in the female population than the male population, and in L-5 /S-1 disc 

there is significant mean difference among the genders  

At all other levels it is insignificant. 

 

2- DISC POSTERIOR WEDGE INDEX (DPWI) 

 The index from the table shows that ta L-5/S-1 level in male 

population is increased and there is a significant mean difference in L-

5/S-1 level up to a P value of .00. 
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 Comparing the disc convexity index, it is increased at L-1/L-2 and 

L-5 /S-1 level among male population where as there is a marginal 

increase in L-2/L-3 level among female population 

 

3.Convexity index; 

 The mean disc convexity index in male population is significantly 

different from female . 

 

 Histology of normal intervertebral discs which are removed from 

autopsy after processing in the dept. of pathology subjected to staining 

procedures. 

 

 The H&E staining of normal intervertebral disc at the peripheral 

annulus shows abundant collagen fibres dispersed in matrix. The cells are 

not spherical and spindle shaped indicates that cells are of fibrocytic and 

not chondrocytic. Rarely chondrocytes are seen either singly or in pairs 

which are arranged in parallel rows along with collagen fibres. Collagen 

fibres are wavy in nature and fibres in successive layers are in different 

direction definitely forming certain angle with fibres in successive 

annulus. 
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 When stained with Masson trichrome for demonstrating collagen 

fibres collagen readily takes up blue colour. And similar like H&E 

staining collagen shows wavy pattern forming an angle with successive 

lamellae in annulus. 

 

 Sections taken from inner annulus when stained with H&E it 

shows pairs of chondrocytes are seen in increased number. Each 

chondrocyte is contained within pericellular matrix though they are 

arranged in pairs. These pairs are arranged in parallel rows along with 

collagen fibres. There is no evidence of abnormal proliferation of 

chondrocytes and fibres tissue too.  

 

 The histology of herniated discs is quite variable, as is the degree 

of structural damage, ranging from protrusions (when the outer annular 

lamellae remain intact) to extrusions (when they are ruptured) to 

sequestrations (in which the herniation is completely detached from the 

body of the disc). The morphology of all of these herniations can be very 

heterogeneous and may include tissue that appears to be from the nucleus 

pulposus, anulus fibrosus. Herniated discs are often much more 

vascularized (than normal intervertebral discs). In this study most of the 

samples are from prolapsed or extruded. The most important finding 

common to all samples is disorganized pattern of collagen fibres where 
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there is neither the presence of collagen as bundle nor the wavy pattern of 

collagen .And there is presence of proliferation of cells present. The 

chondrocytes proliferation presents as cluster formation. In certain 

samples there are presence of blood vessels in to the substance of annulus 

where as in certain samples blood vessels are tearing into the substance 

(Neo vascularisation) along with chondrocyte proliferation which is 

considered to be the advanced case of degeneration. 

 

  Abnormal findings like crystal deposition and any findings of 

malignancy are not seen in this study. 

 

 The samples which are subjected to Immuno histochemistry for the 

presence of vimentin filament turned out to be negative. 
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CONCLUSION 

 The Morphometric study shows similarity in trend of lumbar 

vertebral body heights by imaging measurements in all samples of male 

population and similarity among female population. Minor differences 

present between genders regarding anterior, middle, and posterior disc 

heights. 

 

 The mean convexity index is significantly differing in female 

population when compared to male population. Over all these values not 

significantly differs from other studies among Indian population but 

certainly minor differences present when compared to the studies done 

among western and far east population. However Values obtained from 

this study definitely will be helpful in guiding both for surgeries 

Involving lumbar intervertebral disc and designing implants for artificial 

disc meant for south Indian population.  

 

 A number of pathologic changes are the morphologic correlate of 

what is clinically diagnosed as degenerative spine disease. Most of these 

pathologic findings, such as neovascularization,  derangement of collagen 

fibres and chondrocyte clusters, are of little importance to the submitting 

surgeon whose primary interest is to exclude any unexpected malignancy 

or inflammatory process. Mechanical stress, imbalance of nutritional 
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supply and demand of the disk tissue, as well as genetic factors, cause 

changes in the cellular composition of the disk and its extra-cellular 

matrix. Cellular changes such as chondrocyte clusters, 

neovascularization, and synovial metaplasia seem to be a misguided 

response to injury. By further altering the milieu and the metabolic 

equilibrium of the normally avascular disk, these cellular changes might 

lead to disease progression rather than reconstitution. A better 

understanding of these changes is important for the development of future 

treatment alternatives to surgical discectomies. Injections of growth 

factors and transplantation of mature cells or stem cells are under 

investigation as possible new therapies. Any of these changes in therapy 

also might redefine the role of the pathologic examination of specimens 
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MASTER CHART 

ABH PBH ABH=PBH ADH MDH PDH RDHI DPWI DCI ABH PBH TOTAL ADH MDH PDH RDHI DPWI DCI 

25.23 30.68 55.91 6.97 6.56 5.59 0.224647 1.246 0.522 25.21 30.46 55.67 6.68 6.43 5.42 0.2246468 1.23247232 0.531405 

25.78 31.02 56.8 6.78 6.49 5.55 0.217077 1.221 0.524 25.64 30.33 55.97 6.45 6.18 5.21 0.2170775 1.23800384 0.5300172 

26.01 31.04 57.05 6.92 6.49 5.57 0.218931 1.242 0.519 25.45 30.43 55.88 6.39 6.19 5.27 0.2189308 1.21252372 0.5308748 

25.28 30.07 55.35 6.63 6.02 5.21 0.213911 1.27 0.508 24.99 30.21 55.2 6.59 6.34 5.33 0.2139115 1.23639775 0.5318792 

25.11 30.04 55.15 7.01 6.61 5.62 0.229012 1.247 0.523 25.22 30.52 55.74 6.77 6.54 5.46 0.2290118 1.23992674 0.5347506 

24.86 29.99 54.85 6.43 6.21 5.66 0.220419 1.136 0.517 25.22 30.56 55.78 6.66 6.38 5.4 0.2204193 1.23333333 0.5290216 

25.23 30.57 55.8 6.67 6.18 5.28 0.214158 1.263 0.517 25.23 30.47 55.7 6.49 6.22 5.11 0.2141577 1.27005871 0.5362069 

26 30.78 56.78 6.57 6.29 5.31 0.209229 1.237 0.529 25.04 30.23 55.27 6.48 6.21 5.19 0.2092286 1.24855491 0.5321337 

25.76 30.59 56.35 6.45 6.02 5.12 0.205324 1.259 0.52 24.96 30.22 55.18 6.72 6.5 5.55 0.2053239 1.21081081 0.5297474 

25.44 30.21 55.65 7.12 6.66 5.72 0.230728 1.244 0.518 25.33 30.66 55.99 6.59 6.41 5.38 0.2307278 1.22490706 0.5355054 

24.87 29.88 54.75 7.23 6.76 5.82 0.238356 1.242 0.518 25.37 30.51 55.88 6.51 6.37 5.29 0.2383562 1.23062382 0.5398305 

24.98 24.96 49.94 6.78 6.33 5.45 0.244894 1.244 0.517 25.11 30.23 55.34 6.55 6.39 5.19 0.2448939 1.26204239 0.544293 

25.44 30.43 55.87 7.08 6.67 5.64 0.227671 1.255 0.524 25.18 30.22 55.4 6.61 6.39 5.24 0.2276714 1.26145038 0.5392405 

25.52 30.69 56.21 6.87 6.51 5.43 0.218822 1.265 0.529 25.78 30.67 56.45 6.67 6.38 5.22 0.2188223 1.27777778 0.5365854 

26.87 31 57.87 6.87 6.51 5.23 0.209089 1.313 0.538 24.98 30.11 55.09 6.75 6.54 5.48 0.2090893 1.23175182 0.5347506 

26.44 31.02 57.46 6.98 6.49 5.47 0.216672 1.276 0.521 25.87 31.01 56.88 6.44 6.19 5.29 0.2166725 1.2173913 0.5277067 

25.99 30.91 56.9 6.82 6.55 5.56 0.217575 1.226 0.529 25.77 30.88 56.65 6.11 5.89 5.09 0.2175747 1.20039293 0.5258929 

24.97 30.01 54.98 6.68 6.42 5.49 0.221353 1.216 0.527 25.42 30.64 56.06 6.32 6.08 5.13 0.2213532 1.23196881 0.5310044 

25.55 30.07 55.62 6.79 6.49 5.39 0.218986 1.259 0.532 24.98 30.02 55 6.41 6.19 5.18 0.218986 1.23745174 0.5340811 

24.78 29.73 54.51 6.81 6.54 5.28 0.221794 1.289 0.54 25.03 30.21 55.24 6.8 6.66 5.71 0.2217942 1.19089317 0.5323741 

25.66 30.88 56.54 6.67 6.32 5.22 0.210294 1.277 0.531 24.69 29.88 54.57 6.01 5.81 5.12 0.2102936 1.17382813 0.5220126 

23.98 28.85 52.83 7.13 6.76 5.67 0.242287 1.257 0.528 25.99 30.98 56.97 6.62 6.38 5.37 0.2422866 1.23277467 0.5321101 

24.99 29.77 54.76 7.34 6.73 5.87 0.241234 1.25 0.509 25.76 30.87 56.63 6.54 6.22 5.23 0.2412345 1.25047801 0.5284622 

25.33 30.01 55.34 6.86 6.59 5.57 0.224611 1.231 0.53 24.78 29.96 54.74 6.33 6.07 5.12 0.2246115 1.23632813 0.530131 

25.76 30.99 56.75 6.75 6.46 5.45 0.214978 1.238 0.529 25.33 30.53 55.86 6.49 6.21 5.22 0.214978 1.24329502 0.530316 



 
 

 
 

 

ABH PBH abh+pbh ADH MDH PDH RDHI DPWI DCI ABH PBH ABH=PBH ADH MDH PDH RDHI DPWI DCI 

27.68 31.13 58.81 9.21 8.22 6.62 0.112566 1.391239 0.519267 27.49 30.34 57.83 9.11 8.21 6.58 0.1137818 1.38449848 0.5232632 

27.01 29.98 56.99 9.38 8.41 6.78 0.118968 1.383481 0.520421 27.32 30.01 57.33 9.32 8.38 6.61 0.1152974 1.40998487 0.5260515 

28.01 31.67 59.68 9.19 8.21 6.59 0.110422 1.394537 0.520279 26.98 29.97 56.95 8.89 8.02 6.41 0.1125549 1.38689548 0.524183 

27.44 31.11 58.55 8.98 8.06 6.42 0.10965 1.398754 0.523377 26.89 29.92 56.81 8.91 8.06 6.48 0.1140644 1.375 0.5237167 

26.96 29.64 56.6 9.18 8.19 6.56 0.115901 1.39939 0.52033 27.33 30.21 57.54 9.03 8.08 6.51 0.1131387 1.38709677 0.5199485 

29.33 31.96 61.29 9.45 8.36 6.71 0.10948 1.408346 0.517327 27.01 29.98 56.99 9.16 8.24 6.6 0.1158098 1.38787879 0.5228426 

27.21 31.02 58.23 9.33 8.28 6.67 0.114546 1.398801 0.5175 28.02 30.66 58.68 8.98 8.09 6.49 0.1105999 1.38366718 0.5229476 

26.64 29.77 56.41 9.16 8.11 6.49 0.115051 1.411402 0.518211 26.98 29.87 56.85 8.82 7.99 6.28 0.1104661 1.4044586 0.5291391 

27.36 30.98 58.34 9.54 8.62 6.96 0.119301 1.37069 0.522424 27.24 30.18 57.42 8.97 8.05 6.48 0.1128527 1.38425926 0.5210356 

26.01 28.96 54.97 9.49 8.58 6.78 0.12334 1.399705 0.527351 28.01 30.52 58.53 9.32 8.37 6.59 0.1125918 1.41426404 0.5260842 

27.33 29.96 57.29 8.96 8.01 6.39 0.111538 1.402191 0.521824 27.22 30.32 57.54 9.28 8.27 6.51 0.1131387 1.42549923 0.5237492 

28.44 31.98 60.42 9.55 8.49 6.95 0.115028 1.374101 0.514545 26.96 29.99 56.95 9.36 8.32 6.56 0.1151888 1.42682927 0.5226131 

27.66 31.14 58.8 9.33 8.32 6.72 0.114286 1.388393 0.51838 27.12 30.05 57.17 8.96 8.08 6.44 0.1126465 1.39130435 0.5246753 

25.96 29.78 55.74 9.28 8.26 6.65 0.119304 1.395489 0.518519 27.01 30.06 57.07 9.17 8.17 6.55 0.1147713 1.4 0.5197201 

26.55 29.87 56.42 8.93 7.96 6.32 0.112017 1.412975 0.521967 28.03 30.59 58.62 9.19 8.23 6.6 0.1125896 1.39242424 0.521216 

26.99 30.56 57.55 9.68 8.71 6.82 0.118506 1.419355 0.527879 27.33 30.24 57.57 9.09 8.18 6.49 0.1127323 1.40061633 0.5250321 

29.12 32.01 61.13 9.59 8.42 6.73 0.110093 1.424963 0.515931 27.66 30.54 58.2 9.03 8.1 6.41 0.1101375 1.40873635 0.5246114 

27.3 30.23 57.53 9.31 8.28 6.54 0.11368 1.423547 0.522397 27.56 30.55 58.11 9.19 8.18 6.57 0.1130614 1.39878234 0.5190355 

27.67 31.02 58.69 9.23 8.26 6.57 0.111944 1.404871 0.522785 26.89 29.82 56.71 9.26 8.3 6.61 0.1165579 1.40090772 0.5229994 

27.69 31.23 58.92 9.19 8.16 6.56 0.111337 1.400915 0.518095 26.91 29.93 56.84 9.38 8.32 6.62 0.1164673 1.41691843 0.52 

27.54 30.99 58.53 9.26 8.24 6.63 0.113275 1.396682 0.518565 27.07 30.11 57.18 8.98 8.06 6.44 0.1126268 1.39440994 0.5226978 

26.75 29.91 56.66 9.3 8.31 6.61 0.116661 1.406959 0.522313 27.35 30.28 57.63 9 8.1 6.49 0.112615 1.38674884 0.522918 

28.34 31.98 60.32 9.19 8.09 6.49 0.107593 1.416025 0.515944 27.49 30.39 57.88 9.29 8.28 6.61 0.1142018 1.40544629 0.5207547 

27.43 29.5 56.93 9.27 8.28 6.67 0.117161 1.389805 0.519448 27.28 30.29 57.57 9.13 8.22 6.51 0.1130797 1.40245776 0.5255754 

26.11 29.21 55.32 9.32 8.34 6.71 0.121294 1.388972 0.520274 26.94 29.99 56.93 9.12 8.2 6.47 0.1152292 1.40958269 0.5259782 

 

 



 
 

 
 

 

ABH PBH SUM ADH MDH PDH RDHI DPWI DCI ABH PBH SUM ADH MDH PDH RDHI DPWI DCI 

26.13 27.96 54.09 11.29 8.79 8.08 0.358107 1.397277 0.453795 25.96 27.77 53.73 11.01 8.42 7.9 0.3519449 1.39367089 0.4452671 

26.17 28.43 54.6 11.12 8.66 8 0.350183 1.39 0.452929 26.08 28.33 54.41 11.21 8.69 7.96 0.3523249 1.40829146 0.4533125 

25.87 27.43 53.3 11.33 8.81 8.11 0.364728 1.397041 0.453189 26.11 28.2 54.31 10.98 8.34 7.79 0.3456085 1.40949936 0.4443261 

26.11 27.66 53.77 11.45 8.96 8.18 0.365073 1.399756 0.456444 26.02 28.46 54.48 11.12 8.63 8.02 0.3513216 1.38653367 0.4508882 

27.03 28.96 55.99 10.99 8.39 7.89 0.337203 1.392902 0.444386 25.98 28.33 54.31 11.11 8.59 8.01 0.352053 1.38701623 0.4492678 

25.78 26.96 52.74 11.21 8.71 8.01 0.364429 1.399501 0.453174 26.11 27.88 53.99 10.95 8.28 7.84 0.3480274 1.39668367 0.4406599 

26.11 27.86 53.97 11.09 8.66 7.96 0.352974 1.393216 0.454593 25.73 27.21 52.94 11.32 8.71 8.02 0.3653192 1.41147132 0.4503619 

25.99 27.56 53.55 11.66 8.88 8.18 0.370495 1.425428 0.447581 25.95 27.78 53.73 10.91 8.38 7.98 0.3515727 1.36716792 0.443621 

26.34 28.12 54.46 11 8.51 7.55 0.340617 1.456954 0.45876 26.06 27.82 53.88 10.89 8.21 7.78 0.3465108 1.39974293 0.4397429 

25.89 27.45 53.34 11.33 8.81 8.12 0.364642 1.39532 0.452956 26.11 27.89 54 11.28 8.7 8.01 0.3572222 1.4082397 0.4510109 

26.14 28.32 54.46 11.39 8.83 8.17 0.359163 1.394125 0.451431 26.14 27.91 54.05 11.32 8.79 8.14 0.360037 1.39066339 0.4516958 

25.78 27.12 52.9 11.1 8.45 8.02 0.361437 1.38404 0.441946 25.73 27.28 53.01 10.84 8.31 7.89 0.3533296 1.373891 0.4436733 

26.14 27.99 54.13 11.22 8.67 8.03 0.355625 1.39726 0.45039 25.78 27.33 53.11 11.42 8.81 8.14 0.3682922 1.4029484 0.450409 

26.05 27.67 53.72 11.01 8.47 7.91 0.352197 1.391909 0.447674 25.88 27.39 53.27 11.29 8.7 8.08 0.3636193 1.39727723 0.4491482 

26.44 27.98 54.42 11.31 8.78 8.11 0.356854 1.394575 0.452111 26.28 27.44 53.72 11.37 8.75 8.1 0.3624348 1.4037037 0.4494093 

26 27.45 53.45 11.11 8.65 8 0.35753 1.38875 0.452643 26.19 27.39 53.58 10.95 8.43 7.88 0.3514371 1.38959391 0.4476899 

25.78 27.32 53.1 11.48 8.86 8.16 0.369868 1.406863 0.45112 25.78 27.29 53.07 10.86 8.24 7.81 0.3517995 1.39052497 0.4413498 

26.93 28.87 55.8 11.07 8.54 7.87 0.339427 1.406607 0.450898 26.33 27.91 54.24 11.09 8.56 7.89 0.3499263 1.40557668 0.4510011 

26.34 28.01 54.35 11.33 8.81 8.11 0.357682 1.397041 0.453189 25.69 27.02 52.71 11.19 8.69 7.98 0.3636881 1.40225564 0.4533125 

26.76 28.93 55.69 11.55 8.98 8.32 0.356797 1.388221 0.451938 26.03 27.91 53.94 11.16 8.72 8 0.3552095 1.395 0.4551148 

26.01 27.99 54 10.92 8.43 7.9 0.348519 1.382278 0.447928 26 27.88 53.88 11.05 8.55 8.02 0.3539347 1.37780549 0.4483482 

25.77 27.34 53.11 11.34 8.8 8.18 0.367539 1.386308 0.45082 25.91 27.77 53.68 11.2 8.61 7.93 0.3563711 1.41235813 0.4500784 

26.03 27.89 53.92 11.27 8.69 8.02 0.357752 1.405237 0.450492 26.09 27.82 53.91 11.03 8.39 7.92 0.3515118 1.39267677 0.4427441 

25.99 27.01 53 11 8.48 7.99 0.358302 1.376721 0.446551 25.76 27.19 52.95 10.84 8.21 7.86 0.3531634 1.37913486 0.4390374 

26.13 27.96 54.09 11.1 8.01 7.91 0.351451 1.403287 0.421357 25.92 27 52.92 10.91 8.3 7.97 0.3567649 1.36888331 0.4396186 

 

 



 
 

 
 

 

ABH PBH SUM ADH MDH PDH RDHI DPWI DCI ABH PBH SUM ADH MDH PDH RDHI DPWI DCI 

24.9 27.07 51.97 12.68 9.61 9.1 0.419088 1.393407 0.44123 24.61 26.9 51.51 12.42 9.48 8.96 0.415065 1.38616071 0.4434051 

24.66 26.89 51.55 12.47 9.42 8.92 0.414937 1.397982 0.440393 25.01 27.11 52.12 12.57 9.52 8.98 0.4134689 1.39977728 0.4417633 

24.39 26.8 51.19 12.72 9.63 9.13 0.426841 1.393209 0.440732 23.9 26.31 50.21 12.68 9.58 9 0.4317865 1.40888889 0.4418819 

25.23 27.64 52.87 12.42 9.4 9.1 0.407036 1.364835 0.436803 24.98 26.99 51.97 12.33 9.38 8.92 0.4088897 1.382287 0.4414118 

24.88 27.01 51.89 12.27 9.06 8.78 0.405666 1.397494 0.430404 25.09 27.16 52.25 12.75 9.61 9.1 0.4181818 1.4010989 0.4398169 

24.66 26.98 51.64 12.79 9.64 9.06 0.423122 1.4117 0.44119 24.99 27.06 52.05 12.78 9.62 9.12 0.4207493 1.40131579 0.4392694 

24.45 26.75 51.2 12.84 9.72 9.18 0.430078 1.398693 0.441417 24.41 26.89 51.3 12.61 9.54 9.02 0.4216374 1.39800443 0.4410541 

23.98 26.46 50.44 12.64 9.58 9.1 0.431007 1.389011 0.440662 24 26.79 50.79 12.38 9.41 8.94 0.4197677 1.38478747 0.4413696 

25.22 27.12 52.34 12.89 9.78 9.15 0.421093 1.408743 0.443739 24.55 26.81 51.36 12.29 9.02 8.72 0.4090732 1.40940367 0.4293194 

24.8 27.04 51.84 12.78 9.63 9.11 0.422261 1.402854 0.439927 24.39 26.78 51.17 12.44 9.24 8.87 0.416455 1.40248027 0.4335992 

24.66 26.87 51.53 12.55 9.33 8.9 0.416262 1.410112 0.434965 23.78 26.21 49.99 12.3 9 8.75 0.4210842 1.40571429 0.4275534 

25.12 27.66 52.78 12.93 9.78 9.16 0.41853 1.411572 0.442734 24.01 26.79 50.8 12.66 9.54 9.03 0.4269685 1.40199336 0.439834 

24.23 26.99 51.22 12.33 9.1 8.78 0.412144 1.404328 0.431075 24.09 26.84 50.93 12.28 8.98 8.66 0.4111526 1.41801386 0.4288443 

24.01 26.81 50.82 12.56 9.29 8.92 0.422668 1.408072 0.432495 24.55 26.81 51.36 12.19 8.9 8.61 0.4049844 1.41579559 0.4278846 

24.87 27.02 51.89 12.96 9.79 9.16 0.426286 1.414847 0.442586 24.22 26.67 50.89 12.11 8.86 8.57 0.4063667 1.41306884 0.4284333 

24.87 26.96 51.83 12.21 8.96 8.69 0.403241 1.405063 0.428708 23.89 26.23 50.12 12.21 8.92 8.64 0.4160016 1.41319444 0.4278177 

24.78 27.12 51.9 12.44 9.23 8.88 0.41079 1.400901 0.432927 24.33 26.87 51.2 12.28 9 8.73 0.4103516 1.40664376 0.4283674 

24.65 26.87 51.52 12.5 9.27 8.9 0.415373 1.404494 0.433178 24.67 27.01 51.68 12.65 9.4 9 0.4189241 1.40555556 0.4341801 

24.33 26.18 50.51 12.78 9.55 9.07 0.432588 1.409041 0.437071 24.09 26.77 50.86 12.77 9.51 9.08 0.4296107 1.40638767 0.4352403 

25.01 27.65 52.66 12.66 9.42 9.01 0.411508 1.405105 0.434702 23.98 26.41 50.39 12.6 9.39 9 0.4286565 1.4 0.4347222 

23.96 26.09 50.05 12.47 9.21 8.89 0.426773 1.4027 0.43118 24.15 26.56 50.71 12.38 9.2 8.9 0.4196411 1.39101124 0.4323308 

24.66 27.02 51.68 12.39 9.19 8.84 0.410797 1.401584 0.432878 24.18 26.1 50.28 12.27 9.02 8.84 0.4198488 1.38800905 0.4272856 

24.33 26.98 51.31 12.88 9.72 9.19 0.430131 1.401523 0.440417 24.55 26.92 51.47 12.33 9.17 8.82 0.410919 1.39795918 0.4335697 

24.11 26.65 50.76 12.49 9.21 8.91 0.421592 1.401796 0.430374 24.34 26.27 50.61 12.59 9.3 8.97 0.4260028 1.40356745 0.4313544 

25.39 26.91 52.3 12.69 9.39 9 0.414723 1.41 0.432918 25.01 26.96 51.97 12.5 9.26 8.91 0.4119684 1.40291807 0.4325082 

 

 



 
 

 
 

 

ABH PBH SUM ADH MDH PDH RDHI DPWI DCI ABH PBH SUM ADH MDH PDH RDHI DPWI DCI 

24.48 23.57 48.05 13.86 9.16 6.75 0.428928 2.053333 0.444444 24.12 23.24 47.36 13.68 9.09 6.39 0.4237753 2.14084507 0.4529148 

24.02 23.58 47.6 13.56 8.96 6.59 0.423319 2.057663 0.444665 24.44 23.51 47.95 14.07 9.27 6.62 0.4314911 2.12537764 0.4480425 

23.98 22.87 46.85 14.01 9.21 6.81 0.444397 2.057269 0.442363 23.96 22.9 46.86 13.78 9.01 6.59 0.4346991 2.09104704 0.4423171 

24.23 23.18 47.41 13.76 9.01 6.64 0.430289 2.072289 0.441667 23.97 23.2 47.17 13.95 9.09 6.8 0.4398982 2.05147059 0.4380723 

23.88 23.16 47.04 13.82 9.03 6.68 0.435799 2.068862 0.440488 23.82 22.99 46.81 14.02 9.12 6.73 0.4432814 2.08320951 0.4395181 

24.78 23.01 47.79 14.11 9.26 6.86 0.438795 2.056851 0.441583 24.18 23.36 47.54 14.05 9.13 6.71 0.4366849 2.09388972 0.4397881 

25.12 23.78 48.9 13.99 9.21 6.8 0.425153 2.057353 0.443001 23.92 22.84 46.76 14.11 9.16 6.81 0.4473909 2.07195301 0.4378585 

24.44 23.39 47.83 14.02 9.2 6.78 0.434874 2.067847 0.442308 24.76 23.87 48.63 13.9 9.01 6.29 0.4151758 2.20985692 0.4462605 

23.99 22.32 46.31 14.09 9.24 6.81 0.451306 2.069016 0.442105 24.55 23.41 47.96 13.88 9.02 6.4 0.4228524 2.16875 0.4447732 

24.21 23.34 47.55 13.98 9.18 6.71 0.435121 2.083458 0.443693 24.21 23.29 47.5 13.91 9.04 6.12 0.4216842 2.27287582 0.451323 

23.78 22.01 45.79 14.18 9.3 6.57 0.453156 2.158295 0.448193 24.33 23.31 47.64 14.18 9.26 6.69 0.4380772 2.11958146 0.4436991 

24.46 23.48 47.94 14.13 9.18 6.78 0.43617 2.084071 0.439024 24.41 23.34 47.75 14.01 9.16 6.59 0.4314136 2.12594841 0.4446602 

24.78 23.61 48.39 13.97 9.12 6.67 0.426534 2.094453 0.44186 23.97 23.19 47.16 14.11 9.18 6.66 0.4404156 2.11861862 0.4419836 

23.99 23.22 47.21 14.08 9.19 6.73 0.440796 2.092125 0.441615 24.09 23.1 47.19 14.05 9.14 6.59 0.4373808 2.13201821 0.4428295 

24.44 23.34 47.78 14.28 9.28 6.9 0.443282 2.069565 0.438149 24.21 23.25 47.46 13.89 9.02 6.37 0.4268858 2.18053375 0.4452122 

24.67 23.45 48.12 14.33 9.32 6.99 0.443059 2.050072 0.437148 24.45 23.37 47.82 13.93 9.04 6.19 0.4207445 2.25040388 0.4493042 

24.33 23.21 47.54 14 9.11 6.8 0.437526 2.058824 0.437981 24.29 23.31 47.6 13.87 9.16 6.46 0.4271008 2.14705882 0.4505657 

24.79 24.01 48.8 14.32 9.3 6.9 0.434836 2.075362 0.438266 24.56 23.39 47.95 13.95 9.18 6.48 0.4260688 2.15277778 0.4493392 

24.87 23.66 48.53 14.12 9.22 6.92 0.433546 2.040462 0.438213 24.48 23.55 48.03 13.81 9.03 6.45 0.4218197 2.14108527 0.4457058 

24.45 23.33 47.78 13.91 9.06 6.7 0.431352 2.076119 0.439592 24.78 23.54 48.32 13.97 9.06 6.33 0.4201159 2.20695103 0.4463054 

25.01 23.78 48.79 14.04 9.18 6.6 0.423038 2.127273 0.444767 24.06 23.12 47.18 14.03 9.16 6.55 0.4362018 2.14198473 0.4450923 

24.42 23.32 47.74 14.1 9.23 6.72 0.436112 2.098214 0.443324 24.4 23.29 47.69 14.07 9.14 6.61 0.4336339 2.12859304 0.4419729 

23.98 22.98 46.96 13.99 9.12 6.63 0.439097 2.110106 0.442289 24.31 23.38 47.69 13.91 9 6.14 0.4204236 2.26547231 0.4488778 

24.76 23.87 48.63 13.97 9.09 6.61 0.423196 2.113464 0.441691 24.17 23.28 47.45 13.96 9.03 6.18 0.4244468 2.25889968 0.4483615 

24.99 22.98 47.97 13.94 9.18 6.81 0.432562 2.04699 0.44241 23.99 23 46.99 14.09 9.15 6.38 0.4356246 2.20846395 0.4469956 
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