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Abstract  This paper presents data on the etiology and pathogenesis of degenerative changes in the intervertebral disk. At 

present, it is established that the chronic inflammatory process is formed in the places of local decrease of oxygen supply. 

Taken together, these conditions contribute to the reduction of cells in the disc controlling the matrix and degenerative 

processes become irreversible. Polymorphism was also detected in genes encoding MP-3 and a correlation with an increased 

risk of degenerative changes in elderly patients was found. In the pathogenesis of degenerative changes there are mechanical 

effects, changes in the composition of extracellular matrix, reaction of proinflammatory cytokines, neurotrophin expression 

in degenerating disc, and activation of matrix metalloproteinases.  
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Insufficient nutrient supply in the disk cells is one of the 

most important factors contributing to the emergence of 

degenerative changes. N.A. Horner and J.P.G. Urban [16], 

studying the survival of disk cells in various conditions, have 

proved that if an adequate amount of glucose and oxygen is 

not supplied or the optimal pH level is not maintained, the 

disk cells die and stop producing proteoglycan molecules, 

the disk loses water and dehydrates. Insufficient supply of 

nutrients begins with an idiopathic loss of vessels in the end 

plate, which is the only source of nutrients in the gelatinous 

nucleus, and calcification of the end plate [17,32,56]. Not 

only is the movement of nutrients strenuous, but the outflow 

of metabolism products, in particular lactate, whose 

concentration is becoming critical, also slows down [38]. 

Oxygen concentration decreases to the center of the disc, and 

lactic acid content increases, which causes "acidification" of 

the medium in the disc center [19,25,39,42,54]. At present,  

it is established that the chronic inflammatory process is 

formed in places of local decrease of oxygen supply 

[20,33,44,58]. Together these conditions contribute to the 

reduction of the number of cells in the disc controlling the 

matrix. Degenerative processes become irreversible 

mechanical effects. 

For a long time, excessive strain, smoking and obesity 

were considered to be the causes of intervertebral disc  
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degeneration. Currently, experimental and epidemiological 

studies have shown that these factors alone do not often lead 

to disc degeneration [21,36,57]. A direct correlation between 

the appearance of degenerative processes, intensity and 

frequency of intervertebral disk loading has not been 

established. On the contrary, the synthesis of proteoglycans 

increases with increasing rational physical activity [22]. 

Genetic factors of intervertebral disc degeneration. In 

studies involving twins, it was noted that along with physical 

activity, an important role in the emergence of degenerative 

processes in intervertebral discs is inherited predisposition 

[23], which is manifested in 52-74% of observations and 

increases with age [21,24]. Genetic predisposition is 

manifested by polymorphism of genes encoding 

extracellular matrix proteins. The polymorphism affecting 

collagen was mainly found in genes encoding collagen type I, 

II and IX [25-29].  

The polymorphism affecting the gene encoding aggregan 

contributes to the risk of early disc degeneration at many 

levels [30,31]. Mutations in collagen type IX have recently 

been associated with mutations in the non-collagen protein 

of the matrix (the intermediate protein of cartilage layers - 

OYR). It is assumed that OYR participates in the regulation 

of the signaling pathway of tumor growth factor B (FRB) and 

that this regulation is of leading importance in the etiology 

and pathogenesis of disc degeneration [32]. However, it is 

not only polymorphism in genes encoding matrix proteins 

that are associated with disc degeneration. Recently, a 

connection between degenerative changes and mutation in 

pro-inflammatory cytokine IL-1 [33,34] and IL-6 has been 

found.  
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Polymorphism in genes encoding MP-3 has also been 

detected and a correlation with an increased risk of 

degenerative changes in elderly patients has been established 

[36]. The polymorphism was also detected in the gene 

encoding the vitamin D receptor [37]. The results of the 

scientific research testify to the importance in the formation 

of degenerative changes in intervertebral disks of genetic 

disorders. Genetic disorders result in the disturbance of 

matrix proteins balance, their synthesis, as well as the 

regulation of the inflammatory process, which in the 

presence of inadequate external factors promotes the 

progression of degenerative changes in the intervertebral 

disk. In the presence of genetic predisposition, the tissue is 

weakened and trauma may occur even when average 

exposure is applied [38]. 

Change of composition of the extracellular matrix. The 

thickness of the disk decreases due to reduced synthesis of 

proteoglycan in the gelatinous nucleus reduced hydration. 

Non-enzymatic collagen glycosylation, which occurs during 

normal protein functioning and contact with glucose or other 

reducing monosaccharide, is also essential in the progressive 

reduction of disk thickness. Chemical condensation is a 

reaction of the amine-group compound) and aldehyde 

(SNO-group). Aldehyde is usually added to the free NH2 

group of the end amino acid or one of the available E-amino 

groups of extra lysine (in most proteins). The glycosylated 

derivatives are oxidized to form a more stable 

carboxymethyllysine (KML) molecule. This process, like the 

loss of aggrecane molecules, reduces disc thickness and 

promotes cracking. The more active the process is, the less 

blood supply and oxygen concentration are [1,32]. 

Proinflammatory cytokine reaction in degenerating disc. 

In the study of disc tissue, it was found that its cells 

synthesize a large number of signal molecules involved in 

the pro-inflammatory and associated metabolic reactions. 

Among them are pro-inflammatory signal molecules of 

interleukins, including IL-1a, IL-1R, IL-6, tumor necrosis 

factor (TNF-a), granulocytic/macrophagal colony 

stimulating factor (GMCSF), IL-8, RANTES (regulated by 

activation, synthesized and secreted by T-lymphocytes) and 

IL-10. In addition to inflammatory signal molecules, 

inflammatory mediators are synthesized in the disc tissue: 

leukotrienes B4, thromboxane B2, prostaglandin E2 and, 

accordingly, the enzymes involved in these signal reactions 

(phospholipase A2 and COX-2). The expression of cytokine 

receptors on disk cells indicates that these cells not only 

initiate the signal, but also have mechanisms for an adequate 

response to pro-inflammatory mediators. Some researchers 

provide strong evidence that chondrocyte-like cells of the 

jelly-like nucleus are the source of pro-inflammatory 

mediators in the degenerating disc. A relationship has been 

established between the level of pro-inflammatory cytokines, 

IL-6 and IL-8 and the severity of pain syndrome [5,14,36], 

which indicates the likely involvement of pro-inflammatory 

cytokines not only in degenerative processes in the disc but 

also in the formation of pain syndrome. 

Activation of matrix metalloproteinases. Disorganization 

of the disk matrix is one of the main signs of its degeneration. 

Accordingly, collagen, proteoglycans and fibronectin 

components of the pattern in the disk cells produce enzymes 

that specifically destroy these components. The most studied 

are metalloproteinases (MPs) - pro-theases that destroy 

different types of collagen [19]. In degenerating disk the 

expression of all classes of proteinases -1, -2, -3, -9 is 

activated. Using disk cells isolated in different animals as 

well as humans, it has been shown that cells synthesize MF 

in vitro spontaneously, under hydrostatic pressure [1] or 

when stimulated by IL-1 [2]. In addition to regulating 

expression, MF activity is also regulated at the 

posttranslational stage; in particular, they bind to the MF 

tissue inhibitor (TIMP), which regulates the amount of free 

proteinase [3]. The research results confirm that MF 

expression is accompanied by an increase in the level of 

TIMP [4]. Degeneration of discs increases the expression of 

TIMP-1 and TIMP-2, and the expression of TIMP-3 

practically does not change [5]. In some studies of 

degenerative processes, an imbalance of TIMP-1 and MP-3 

has been found [6]. 

In addition to collagen, the main proteoglycan, aggregican, 

also degrades in degeneration. At present, the proteins 

destroying aggrecan are insufficiently studied; it is known 

that aggrecanase 1 is involved in this process [7]. Besides 

MF, another important group of proteinases - cathepsins - is 

also capable of splitting collagen and proteoglycans. It has 

been shown that the activity of D, L, K, and G cathepsins in 

the degenerating disk increases. This is due to separation of 

the end plastics and disorganization of the fibrous ring [8]. 

Inflammatory cytokines and growth factors play a certain 

role in regulation of cathepsin activity [9]. Although MF and 

catheapsin substrates intersect to a great extent, it is noted 

that MF are active at neutral pH, while catheapsins are 

maximally active in an acidic medium [10].  

The property of the cathepsins to be activated in an acidic 

medium may be necessary for the late stages of degeneration 

when the accumulation of lactate in disk tissue causes 

"acidification" of the medium. 

Activation of neurotrophin expression in degenerating 

disc. Normally, the intervertebral disk is devoid of 

innervation. Nerve fibers are detected only in the uppermost 

layers of the fibrous ring and the end plate above the 

gelatinous nucleus [11]. When the intervertebral disk 

degenerates, vessels and nerves grow into the fibrous ring 

and jelly nucleus. The expression on ingrowing nerve fibers 

Trk A and B - receptors of nerve growth factor (NGF) and 

BDNF has been shown, which indicates the sensitivity of 

these nerve endings to NGF [12]. Neurotrophins NGF and 

BDNF - survival and activation factors of anabolic processes 

in nerve cells - are excreted not only by nerve cells but   

also by intact cells of various tissues, including cartilage.   

In degenerating intervertebral disk, NGF is synthesized     

by chondrocyte-like cells of fibrous ring and cells of jelly 

nucleus [13]. The correlation between the degree of 

degenerative processes severity and expression of NGF and 

BDNF has been established [14]. It is supposed that in 
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degenerating disc, the activation of neurotrophin synthesis is 

connected with an inflammatory reaction. Thus, Y. Abe and 

co-authors [15] proved the activation of gene expression and 

NGF protein secretion after treatment of IL-1P and BDNF 

cells. These results, as well as data on the increase in the 

synthesis of pro-inflammatory cytokines in a degenerating 

intervertebral disk, suggest a connection between these 

processes and the formation of pain syndrome. Since new 

nerve fibrils are only found in the disc in pain syndrome, it 

can be argued that their formation is a characteristic feature 

of the degenerating disc. Available evidence on the presence 

of growth factors in the degenerating disc in pain syndrome 

confirms that a striking effect can be achieved by inhibiting 

the NGF action from blocking the pain syndrome. 
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