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Abstract The term ‘‘chondropenia’’ indicates the early

stage of degenerative cartilage disease, and it has been

identified by carefully monitoring early-stage osteoarthritis

(OA). Not only is it the loss of articular cartilage volume,

but it is also a rearrangement of biomechanical, ultra-

structural, biochemical and molecular properties typical of

healthy cartilage tissue. Diagnosing OA at an early stage or

an advanced stage is valuable in terms of clinical and

therapeutic outcome. In fact degenerative phenomena are

supported by a complex biochemical cascade which

unbalances the extracellular matrix homeostasis, closely

regulated by chondrocytes. In the first stage an intense

inflammatory reaction is triggered: pro-catabolic cytokines

such as IL-1b and TNF-a triggering matrix metallopro-

teases and aggrecanase (ADAMT-4 and 5), responsible for

the early loss of ultrastructural components, such as type II

collagen and aggrecan. In addition nitric oxide and reactive

oxygen species modulate the physiopathology of the con-

dral matrix inducing apoptosis of chondrocytes through a

mitochondria-dependent pathway. In addition, ‘‘Lonely

Death’’: chondrocytes, are confined within a dense, avas-

cular extracellular matrix capsule, and can trigger a

genetically induced apoptosis and necrosis. The

degenerative process starts from a central point and then

spreads in a centrifugal manner in depth and in adjacent

areas, eventually covering the whole joint; chondropenia

represents a journey from the first clinically detectable

time-point until it can be characterized as frank

osteoarthritis. Currently, there are no instruments sensitive

enough which allow a timely diagnosis of chondropenia.

Innovative magnetic resonance imaging techniques, such

as T2 mapping, can be effective and a sensitive diagnostic

instrument for quantifying cartilage volume and proteo-

glycan content. However, avant-garde biophysical tech-

niques, such as mechanical indenters, ultrasound and

biochemical markers (uCTX-II), are rational and scientific

tools applicable to the clinical and therapeutic management

of early degenerative cartilage disease. The objective of

this review on chondropenia is to present a state of the art

and innovative concepts.

Keywords Chondropenia � Early osteoarthritis � Cartilage

degeneration � Matrix metalloproteases

Introduction

Currently, there are no broadly accepted clinical, instru-

mental or laboratory criteria capable of diagnosing early

break down chondropenia and/or premature articular carti-

lage degeneration [1]. The non-specificity of symptoms is a

further obstacle to early diagnosis. Therefore, our ability to

diagnose the spectrum of chondropenia to early OA has an

important value in terms of clinical, research and therapeutic

management [2]. The concept of chondropenia has been

recently introduced, and it begins with hyaline articular

cartilage volume loss, an expression of early degeneration
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[3]. However, the definition of chondropenia cannot be

limited to a simple volume reduction, but must also take into

account the loss of biochemical, biomechanical and ultra-

structural tissue properties which, only with the evolution of

the disease, manifests as a noteworthy loss of joint tissue

thickness. OA, characterized by loss of anatomical and

functional cartilage tissue integrity, represents the final and

advanced stage. Cartilage disease should therefore be set

within a progressive etiological mechanism that goes from

normal to chondropenia, and can be associated with focal

cartilage defects, and ultimately in clinical and radiographic

OA [1]. Chondropenia and advanced OA express a spectrum

and stratification of the same disease process.

Histological abnormalities

The development of cartilage degeneration, from chon-

dropenia to OA, occurs in consecutive steps, characterized

by lytic phenomena and with subsequent attempts to

regenerate. An altered gene expression profile is present

from the early stage, despite the cartilage appearing mor-

phologically normal. This means that degeneration devel-

ops from a primary cause, such as acute focal trauma or

static or repeated forceful biomechanical stress. The next

step is its diffusion in depth and in the adjacent areas, until

the whole joint (cartilage, synovial membrane and sub-

chondral bone) is covered [2].

In the first phase the gene expression profile is abnormal

and there is an increase in the matrix components turnover,

such as type II collagen and proteoglycans; therefore, both

microscopic changes, like chondrocytes clusters, and

macroscopic surface fibrillation can be observed. The early

biochemical and molecular tissue alterations tend to

accumulate over time, resulting in adverse and irreversible

effects in the advanced stages (Fig. 1).

The lack of extracellular matrix (ECM) production leads

to a progressive loss of cartilage volume [4, 5].

At the beginning of the degenerative process (Fig. 2) we

can be seen only modest cartilage surface irregularities and

slight fibrillations [6]. However, the distribution of gly-

cosaminoglycans (GAGs) appears homogeneous [7].

With the progression of degeneration (Fig. 3) proteo-

glycan and aggrecan loss occur. Flattened cells from the

superficial zone first become round and hypertrophic and

then disappear from the tissue, while the transitional layer

shows a moderate hypercellularity [8]. In experimental OA

models, chondrocytes clusters in transitional layer have

been observed [9, 10].

Histological changes occur in the synovial membrane

also, including: synoviocyte hyperplasia, synovial mem-

brane thickening, inflammatory cell infiltration and fibrosis

[8, 11, 12].

Disease progression appears to be dependent on the

animal species, on the type of joint and on the distribution

Fig. 1 Changes involved in the progression of degenerative cartilage disease (by Qvist et al. Pharmacological Research, vol 58, 2008, pp. 1–7)

Fig. 2 Normal articular cartilage of the knee: Safranin-O staining.

a man, b rabbit. (1) Smooth surface, (2) small and flattened cells from

the tangential zone, (3) cells arranged in columns in the intermediate

zone (4) complete and homogeneous staining of the cartilage matrix

with Safranin-O and (5) intact tidemark (from Lorenz et al. [2])

Musculoskelet Surg

123

Author's personal copy



of the species-specific biomechanical forces [5, 13].

However, there is wide heterogeneity within the same

species and the same individual, also related to the site of

the sampling [14].

With degenerative disease progression, tissue is reduced

in volume and cartilage surface becomes irregular and

fibrillated, and interrupted by cracks which may extend to

the calcified area; the cells are grouped in clusters near the

degenerated areas or disappear completely [15, 16]. In the

final stages tissue architecture is lost and collagen network

is replaced by scar-like tissue, characterized by fibroblast-

like cells [7]. Full-thickness injury leads to exposure of

subchondral bone; the loss of cartilage function exposes the

underlying bone tissue to excessive biomechanical loads

and the consequent appearance of sclerotic phenomena

[15]. Proteoglycan reduction is prominent, as confirmed by

reduced or absent staining with Safranin-O, and the tide-

mark becomes blurred and invaded by vascular buds from

sub-chondral bone [17].

Molecular alterations of specific components

Collagen

Increase in anabolic and catabolic cartilage metabolism: In

the early stages of cartilage degeneration increases syn-

thesis of type II collagen and to a lesser proportion of type

IX and XI collagens; furthermore, there is a switch toward

type I and III collagens [7, 15, 18]. In healthy cartilage,

type II collagen is uniformly distributed in the surface

layers, intermediate and deep zones [17]. In chondropenia

this distribution is altered: it is hypo-expressed in the sur-

face areas, while in deeper layers it is up-regulated. This

heterogeneity reflects both proteolytic phenomena and

trying to regenerate from the basal layers [19]. The

immunohistochemical staining revealed an over-expression

of type VI collagen in the lower portion of the middle layer

and in moderately degenerated cartilage deep areas [20].

The overall content of collagen is unchanged in the early

stage, suggesting that catabolism and anabolism are still in

balance [21]. With the evolution of the degenerative dis-

ease, type II collagen decreases preferentially in

degenerated areas, while it increases in chondrocyte clus-

ters [22, 23] (Table 1).

Type X collagen, specific marker of chondrocyte

hypertrophy, increases in close correlation with focal car-

tilage injury. The expression of type I collagen is markedly

raised in advanced stages of cartilage degeneration [7, 24,

25].

Proteoglycans

The proteoglycan distribution changes in different regions

of cartilage tissue according to the type of biomechanical

stress put on the joint [26]. Aggrecan catabolism and the

breakdown products are increased [27, 28]; consequently,

the overall aggrecan content is reduced in proportion to the

severity of the disease [29]. Chondroitin sulfate increases,

and other GAGs decrease [30].

Western blotting analysis confirms an increase in small

proteoglycans such as versican, biglycan, decorin, fibro-

modulin, lumican and link protein, demonstrating the

ultrastructural and functional changes in the matrix net-

work [31]. mRNA levels fluctuate in different joint areas

[13]. Decorin and biglycan are abundantly expressed near

weight-bearing joints [26, 32]. This suggests that in

affected degenerated areas, anabolic metabolism is insuf-

ficient to curb catabolic processes, while nearby repeated

attempts are made to offset the matrix loss.

Matrix metalloproteinases (MMPs)

A leading role within the family of MMPs is played by

collagenase, as well as MMP-1, MMP-8, MMP-13 and

aggrecanase-1 and 2 (ADAMTS-4 and 5). The MMPs are

involved in the early stages of cartilage degeneration.

MMPs are up-regulated near the damaged areas [17].

MMP-13 is expressed not only in degenerating cartilage,

but also in synovial tissue, in calcified cartilage and sub-

chondral bone [33]. The enzymatic activity of MMP-1 is

increased, especially in superficial layers, while MMP-13 is

predominant in the deeper layers of cartilage tissue [34].

Close homeostasis exists between MMPs and TIMPs

(tissue inhibitor matrix metalloproteinases), which is lost in

Fig. 3 Early stage. Safranin-O

staining. a humans, b, c rabbits.

(1) Rough surface, (2) tangential

cells of the hypertrophic zone,

(3) staining of the matrix with

Safranin-O reduced (from

Lorenz et al. [2])
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early OA. The lack of an increase in TIMPs enhances ECM

degradation, in the presence of increasing MMPs lytic

activity [35–37].

Water content, DNA and RNA

In early-stage OA, chondrocytes take on a hypertrophic

phenotype [21].

Water content and metabolic activity increase as mea-

sured by the expression of cellular RNA; DNA levels do

not differ in healthy or degenerated cartilage. The increase

in cell volume, but not in DNA amounts, indicates chon-

drocyte hypertrophy and not hyperplasia [38].

RNA concentration and an elevated RNA/DNA ratio

versus control samples express augmentation of anabolic

activity [39]. The decrease in water content is the begin-

ning of a more severe cartilage degeneration stage and

marking the end of the hypertrophic phase.

COMP (cartilage oligomeric matrix protein)

Degraded cartilage areas have an intensive COMP staining

positivity, while chondrocyte clusters do not. A complete

loss is observed in the more severe cases of OA disease

[40].

Etiology

Age, overuse syndromes, obesity, menopause, sarcopenia,

macro- and micro-traumatic iterative events are the

main risk factors for the onset of chondropenia [3, 4].

Prerequisite for an etiological approach is knowledge of the

multifactorial aspects such as genetic, hormonal

and biomechanical factors which converge in the mani-

festation of the chondropenic phenotype and are useful

parameters for identifying the patients at risk for disease

progression.

Inflammatory mediator production such as IL-1b, TNF-

a, IL-8, IL-6, PG-E2, NO is a key event which unbalances

the biochemical homeostasis, decreasing collagen synthesis

and increasing catabolism [47, 48].

Abnormal biomechanical stress (excessive, repetitive or

insufficient) increases not only NO production, mediated

by iNOS (inducible NO synthase), but also MMPs activity

and makes the tissues vulnerable to oxidative events [49].

Reactive oxygen species (ROS) promote chondrocyte

apoptosis and matrix degradation [50, 51].

Abnormal biomechanical forces unbalance chondrocyte

metabolism, enhancing pro-inflammatory cytokine activity

and synthesis, through surface mechanoreceptors such as

integrins and DDR-2 (discoidin domain receptor-2), which,

respectively, interact with fibronectin and type I collagen

[52, 53].

Table 1 : up-regulated versus control; : : up-regulated versus early

OA (:) versus control up-regulated only in distinct locations; ? not

changed versus control; ; down-regulated versus control; ; : up-

regulated versus control or down-regulated depending on the cartilage

zone

Early stage Advanced stage

Collagen

Type I :

Miosge et al. [7]

::

Miosge et al. [7]

Type II :

Pfander et al. [15]

;

Nerlich et al. [22]

Type III :

Aigner et al. [24]

:;

Hambach et al. [20]

Type VI :

Hambach et al. [20]

:;

Hambach et al. [20]

Type X :

Von der Mark et al. [41]

:;

Hambach et al. [20]

Fibronectin [:]

Pfander et al. [15]

:

Pfander et al. [15]

Tenascin :

Wagner et al. [40]

::

Wagner et al. [40]

COMP :

Wagner et al. [40]

:

Wagner et al. [40]

MMP-1 :

Fernandes et al. [34]

–

MMP-9 :

Hayami et al. [17]

–

MMP-13 :

Fernandes et al. [34]

–

YKL-40 – :

Volck et al. [42]

Water content :

Appleyard et al. [21]

;

Mankin et al. [43]

DNA content ?

Little et al. [26]

?

Mankin et al. [43]

DNA concentration ;

Squires et al. [29]

–

RNA content :

Adams et al. [38]

::

Fehr et al. [44]

RNA concentration :

Adams et al. [38]

–

Collagen content ?

Appleyard et al. [21]

;

Lippiello et al. [45]

Collagen synthesis :

Floman et al. [46]

:

Squires et al. [29]

Collagen degradation :

Squires et al. [29]

–

Proteoglycan content ;

Little et al. [26]

;

Squires et al. [29]

Proteoglycan synthesis ?

Little et al. [26]

;

Little et al. [26]

Proteoglycan

degradation

:

Carney et al. [27]

–
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Participation in sport exposes the joints to acute and

chronic injuries, which invariably in time can lead to

chondropenia and OA in end-stage. The concept of OA,

following acute trauma, should be revisited, because in

addition to ligaments, meniscal and chondral injuries it

triggers an insidious biochemical and inflammatory

response. Athletes, prone to a higher incidence of knee

injuries, are at greater risk to develop chondropenia [54].

An acute joint injury triggers cartilage tissue catabolism:

increasing the synovial fluid concentration of type II col-

lagen fragments, aggrecan, COMP and lytic enzymes, such

as MMP-1, 3, 13 [55, 56].

Genetic component may contribute to early onset of OA

[57]. Studies on twins have shown that the incidence of

genetic factors may reach 70 % in the onset of OA in some

joints. Polymorphisms and mutations of genes encoding

ECM components or signaling molecules can induce a

specific susceptibility to OA [58, 59].

Development of OA with age is not universal, but

degenerative changes are inevitable and age is the main

risk factor [60]. The most common cartilage tissue changes

include softening of the articular surface, the reduction of

the viscoelastic properties and the augmentation of non-

enzymatic glycation products (advanced glycation end

products) [61].

Chondrocytes remain in a state of post-mitotic quies-

cence: Regenerative potential is reduced and telomeres

shorten until exhaustion [62–64].

Pathogenesis

The abnormal biomechanical load, synovial inflammation

and subsequent biochemical response contribute to ECM

homeostasis dysregulation. The association between

increased MMPs (MMPs-1, 3, 8, 9, 13) and aggrecanase

production with cartilage degeneration has been well docu-

mented [65, 66]. In the deeper regions of articular chon-

dropenic cartilage a clearly compensatory increase in type II

collagen synthesis occurs, while in the most superficial

layers production is suppressed. In the later degenerative

stages the catabolic processes are dominant [67].

Cartilage degeneration is frequently associated with

signs and symptoms of inflammation [68]. Chondrocytes,

especially within clonal clusters, express IL-1b, IL-1b-

converting enzyme (caspase 1) and IL-1bR1 (receptor type

1). IL-1b is synthesized in concentrations capable of

inducing MMPs, aggrecanase and other catabolic gene

expression [69, 70]. Moreover PGE2 synthesis increases,

induced by TNF-a and IL-1, which stimulates NO pro-

duction, mediated by iNOS (inducible nitric oxide syn-

thase), and other pro-inflammatory cytokine production

such as IL-6, LIF (Leukemia Inhibitory Factor), IL-17 and

IL-18 [71].

Metalloproteinases, a family of zinc-dependent enzymes

and more specifically the matrix metalloproteases (MMPs),

plays a major role in joint degeneration. MMP-13 is the

main collagenase responsible for cartilage degradation, and

it represents a potential target for the development of new

DMOADs (disease-modifying OA drugs) [72].

Proteoglycan aggregate, known as aggrecan, together

with type II collagen fibers is among the major ECM

components. ADAMTS-4 and 5 (a disintegrins and met-

alloproteinase with thrombospondin motifs) are the main

aggrecanase responsible for aggrecan cleavage in the early

stages of cartilage remodeling [73, 74].

Aggrecan depletion is highlighted by catabolite release

in synovial and biological fluids [75, 76]. The aggrecanase

could pave the way for new therapeutic strategies, since it

has been observed that ADAMTS-4 and ADAMTS-5 gene

deletion decreases the severity of OA in animal models

[77, 78]. The TIMP-3 (tissue inhibitor of metallopro-

teinases-3) is the most important endogenous aggrecanase

inhibitor identified so far [36, 79].

The chondrocytes, in response to pro-inflammatory

mediators, change in O2 partial pressure and mechanical

stress and produce high levels of ROS [49, 80–82].

Expansion of lipid peroxidation products, nitrite, nitro-

tyrosine, type II nitro-collagen peptides, oxidized LDL,

oxidized IgG in biological fluids of patients with OA are

clearly indirect evidence of ROS involvement in cartilage

degradation [83–87]. Intra-articular injections of L-NIL (N-

iminoetil-L-lysine), a selective inhibitor of iNOS, reduce

the progression of the cartilage degeneration, in OA

experimental dog models [88].

The damage to matrix components occurs two path-

ways: through a direct attack of free radicals to the colla-

gen and proteoglycans, and by activation of latent

collagenase and/or induction of MMPs. ROS may alter the

intra-cellular microenvironment, decreasing the production

of MMPs inhibitors and/or their activity [89].

Nitric oxide inhibits collagen and proteoglycan synthe-

sis, activates MMPs, mediates chondrocyte apoptosis and

promotes inflammatory response [90–92].

NO and RNS (reactive nitrogen species) may regulate

MMP-9 activity in a biphasic manner, in vitro studies on

murine macrophages: For NO levels greater than 1 mM,

MMP-9 is inactive, while for lower levels it is active [93].

Apoptosis is a central event in the pathogenesis of

chondropenia. Nitric oxide is the major inducer of chon-

drocytes apoptosis, mitochondria-dependent pathway [94,

95].

IL-1b and TNF-a induce ROS-mediated cell death, in

vulnerable cells with reduced antioxidant capacity [96–98].

It is not clear what triggers cell death in degenerating

cartilage; we can speak of ‘‘programmed or secondary

necrosis’’, with the activation of a genetically programmed
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sequence of death evolving into necrosis. On the basis of

these findings the name ‘‘Lonely Death’’ was proposed

[99].

Ultrastructural evidence of autophagy was observed in

cartilage in osteoarthritis; this process has been called

‘‘chondroptosis’’ [100] and prevents the entry of chondro-

cytes in a given stage of apoptosis [101, 102]. If the process

fails cell death occurs.

Chondrocytes reduce death and cartilage degeneration

after intra-articular administration of caspase inhibitors in

OA rabbit models [103, 104].

The cytoskeleton is a three-dimensional network, con-

sisting of actin microfilaments, tubulin microtubules and

vimentin intermediate filaments, which play a crucial role

in maintaining the chondrocyte phenotype, as it represents

a contact point between two entities, ECM and cytoplasm

[105].

The colchicine-induced microtubule destruction inhibits

the synthesis and secretion of collagen and proteoglycans

[106].

An immunohistochemical comparison between normal

and OA cartilage has shown a reduction in vimentin of

37 %, in actin of 4.7 % and in tubulin of 20 % [106]. In

cartilage degeneration, the cytoskeleton network is altered

[107–109].

The components of chondropenic cytoskeletons are not

assembled properly, resulting in impairment of matrix

metabolic homeostasis and loss of biomechanical tissue

integrity. Therefore, a new frontier of basic science is

understanding what is the weight-bearing threshold-limit

which induces a rearrangement of the cytoskeleton.

Sub-clinical synovitis can be seen in chondropenia and

early OA. Some studies suggest that arthroscopic focal

proliferative and inflammatory changes are present in 50 %

of patients with OA [110].

Despite all the new information made available fol-

lowing in vitro and in vivo studies on the response to

catabolic, biomechanical and inflammatory stimuli, it

remains difficult to understand the complex processes

involved in the pathogenesis of chondropenia and joint

degeneration. However, we can also say that the progres-

sion of OA cannot be changed if the metabolic events

occurring in chondropenia are not stopped.

Clinical

Aging, sports injury, excessive and/or repetitive acute

articular loading over time trigger the onset of degenerative

changes and chondropenia. The clinical results of these

changes occur with the fall of the ‘‘dose–response’’ chon-

dropenic curve proposed by Mandelbaum [112] (Fig. 4).

Sportsmen or athletes clinically lose the same levels of

performance (response), in application to an activity

request (dose), with the loss of cartilage volume.

In studies on canine models moderate running daily

(4 km/day) increases the size of the cartilage and proteo-

glycan content, while excessive running (over 20 km/day)

decreases the proteoglycans and cartilage became softer

[111].

Diagnosis

The lack of accurate ways to measure chondropenia and the

evolution of cartilage degeneration is challenging and a

goal yet to be achieved.

The future target is to develop new imaging techniques

which will allow us to identify the population at risk before

it develops full-blown OA. Osteoarthritis disease is a

continuum which goes from the normal joint (pre-clinical

asymptomatic stage) to severely or totally crippling joint

(clinically symptomatic stage) [113].

Joint space narrowing is not a valid measure of chon-

dropenia, because the joint space includes other fibro-car-

tilage structures; meniscal lesions may also contribute to

loss of joint space [114, 115].

The development of new imaging techniques is the pre-

requisite for monitoring the effectiveness of both drug-

based therapy and the surgical approach. Cartilage-specific

MRI sequences allow excellent visualization of joint car-

tilage. The two sequences most commonly used are:

spoiled gradient-echo (SPGR) and T2-weighted fast spin-

echo (wFSE) [116].

New imaging sequences such as delayed gadolinium-

enhanced MRI of cartilage (dGEMRIC) allows proteogly-

cans and GAGs cartilage content to be assessed [117–120].

Another imaging approach used to measure cartilage

abnormalities is T2 mapping [121]. T1 rho-relaxation

mapping is an additional parameter characterizing cartilage

Fig. 4 ‘‘Dose–response’’ chondropenic curve. Correlation model

between performance levels (response) and activity performed (dose)

as function of joint degeneration [112]
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composition and quantifying GAGs loss [122]. Finally,

quantitative MRI allows the monitoring of cartilage vol-

ume [122–124].

Mandelbaum [112] developed a new cartilage score the

‘Chondropenia Severity Score’ (CSS), which includes

consideration of the chondropenic curve. The CSS gives

objective scores to each anatomical location and also

considers meniscal injury.

New mechano-acoustic techniques for the evaluation

of biophysical cartilage properties

Recently new quantitative biophysical methods have paved

the way for innovative diagnostic and therapeutic

perspectives.

In the early stages of cartilage degeneration the reduction

in collagen fibers and augmentation of proteoglycan degra-

dation and water content make cartilage softer [125–130].

A new indentation instrument to quantify the biome-

chanical properties of cartilage during arthroscopy was

patented a few years ago. The operator applies constant

pressure (10 N) perpendicular to cartilage surface. The

tissue resistance to deformation, as measured by strain

gauges, is an indicator of the cartilage stiffness. The

instrument can be sterilized at 120� and allows repro-

ducible measurements, hence potentially applicable in a

clinical setting [131].

Recent studies have shown that ultrasound can be used

to characterize structural properties of cartilage, fibrilla-

tion-like irregularities of the surface and proteoglycan

depletion [132–137].

Laasanen et al. [138] have introduced a new instrument,

tested in vitro and in vivo, which incorporates the high-

frequency ultrasound with the mechanical indenter. An

ultrasound transducer is mounted on the tip of the buckle

arthroscopy (Fig. 5). The integration of data, dynamic

modulus and ultrasound reflection coefficient allows the

assessment of surface irregularity and degenerative

widening, collagen or proteoglycan depletion or both. The

new mechano-acoustic instrument is a sensitive mean for

determining the cartilage volume and loss of typical bio-

physical properties of cartilage tissue in vitro, and poten-

tially also in clinical practice during routine arthroscopy.

Biochemical markers

A biochemical marker is a single molecule or a catabolic

product of bone or articular cartilage released during tissue

turnover in the synovial fluid. A biological marker to be

defined as such must be able to: (1) indicate the presence of

disease before the appearance of radiographic signs, (2)

identify people at risk of disease progression and (3)

monitor longitudinally the effectiveness of therapy.

New cartilage-specific markers, for synthesis and

degradation of type II collagen, are able to assess the

biochemical changes before the damage is radiographically

evident [139].

The fragments of type II collagen can be considered as

markers of cartilage-specific degradation. During the

catabolic processes collagenase releases neo-epitope CII

CNBr, CII C-terminal neoepitope [140], C-telopeptide

[141, 142], C2C [143], Col-2-3/4C [144], Coll 2-1 [145],

Helix II [146] in biological fluids.

Urinary levels of C-telopeptide, catabolite of type II

collagen (uCTX-II), were associated with both the preva-

lence and severity of radiographic progression of OA knee

[141, 147]. High level of uCTX-II is premonitory sign of

chondropenia, objectified by MRI [148]. The determination

of Helix-II fragments between uCTX-II is more effective

for identifying patients with a rapid evolution of degener-

ative disease [149]. Triple helix fragments, Coll 2-1 non-

nitrosylation and Coll 2-1 NO2 nitrosylation by-products

have been found in the serum of patients with knee OA

[145].

New emerging markers reflect aggrecan breakdown;

furthermore antibodies against the neo-epitopes generated

by aggrecanase lytic activity have recently been found in

experimental OA [150].

Fig. 5 a Mechano-acoustic indenter. The cartilage is compressed

with an ultrasound transducer, the tip of indentation applied

mechanically to determine the dynamic modulus of cartilage. The

ultrasound coefficient, returning from the cartilage surface, provides

information about cartilage stiffness and fibrils collagen network.

b The mechano-acoustic test used to determine the mechanical and

acoustic properties of the cartilage sample (by Kiviranta et al.

European Cells and Materials, vol 13, 2007, pp. 46–55)
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Xiang et al. [151] have isolated anti-TPI autoantibodies

(trioso-phosphate isomerase) in 25 % of OA serum and

synovial fluid samples, highlighting the importance of

autoimmunity in OA pathogenesis, and the potential

diagnostic use of autoantibodies. Another posttranslational

modification of the charged matrix components is the non-

enzymatic glycosylation: Pentosidin, the major AGEs

known, although not cartilage-specific, increases in the

serum of OA patients [152]. Because of the close interac-

tion between cartilage, bone and synovial membrane in the

degenerated joint, only a mixture of biochemical markers

will adequately predict the disease evolution. Currently, the

standardization of biomarkers for the early diagnosis of

chondropenia is still at an experimental stage.

Conclusions

Chondropenia represents the initial and intervening phase

of degenerative cartilage disease, and it occurs not only

with cartilage volume reduction, but also with a loss of

biophysical properties and ultrastructural morphology

rearrangement of the joint tissue. Age, obesity, trauma,

acute and chronic joint injuries, genetic aspects and hor-

monal risk factors are involved in the manifestation of

chondropenic phenotype.

Pro-inflammatory cytokines, MMPs, ROS, NO and NO

by-products are key molecules involved in collagen and

proteoglycan depletion, leading to loss of form and func-

tion of cartilage tissue, which manifests itself in the fall of

the ‘‘dose–response’’ chondropenic curve.

Innovations in diagnostic imaging such as MRI,

mechano-acoustic technology of last generation, such as

mechano-acoustic indenter, and biochemical markers could

represent effective tools aimed at improving clinical and

instrumental disease identification. Interruption of cata-

bolic processes at the root of chondropenia, which inevi-

tably lead to OA, will require further testing.
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