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Abstract 

Osteoarthritis is a degenerative disease that affects articular cartilage, leading to changes on the macro and micro 
levels of this multi-component tissue. Understanding the processes underlying this pathology plays an important role 
in planning the following management tactics. Timely detection of the knee joint degradation at the level of tissue 
changes can prevent its progressive damage due to the early beginning of appropriate treatment. This study aimed 
to provide an overview of the current level of knowledge about the composition of cartilage and menisci using 
a wide range of different diagnostic methods. A systematic review of the literature published from 1978 to 2023 
was conducted. Original studies of the knee joint cartilage (articular and meniscus) research, reporting content 
composition and mechanical properties, were included. Studies of the non-knee joint cartilage, tissue research other 
than cartilage and meniscus, or reporting treatment outcomes were excluded (n = 111). Thirty-one papers were 
included in this review, which reported on the composition of animal and human cartilage (articular and meniscus). 
The most frequently investigated parameters were quantitative proteoglycan determination and hydration level 
of the cartilage. Cartilage and meniscus degeneration, i.e., reduced collagen and proteoglycan content, reduced 
mechanical properties, and increased hydration level, was shown in every article about osteoarthritis. Among all diag-
nostic methods, laboratory methods (biochemical and histological analysis) are the most frequently used, compared 
to the instrumental ones (spectroscopy, MRI, and CT). At the same time, spectroscopy takes the lead and becomes 
the most common approach for determining cartilage composition (collagen and proteoglycans content).
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Graphical Abstract

1  Introduction
Osteoarthritis (OA) is a disease characterized by degen-
erative changes in the cartilage and other tissues of the 
joint, including changes in the meniscus, synovial mem-
brane, and subchondral bone [1].

Articular cartilage is a specialized connective tissue 
that distributes and transfers the load on the underlying 
bone, reducing friction by providing smooth joint move-
ment. The functions of articular cartilage are performed 
through unique interaction between the components of 
the extracellular matrix (ECM), which consists of water 
(60–80%), collagen (15–20%) and proteoglycans (PGs) 
(3–10%) [2] (Fig.  1). Biochemically, the two most abun-
dant components of the dry weight (DW) of ECM of 
articular cartilage, are collagen and glycosaminoglycans 
(GAGs), which make up approximately 50% to 75% and 
15% to 30%, respectively [3].

The meniscus of the knee joint also has 72% water [4]. 
Three layers of collagen are distinguished in the menis-
cus tissue. The first is a surface network of fibrils form-
ing a mesh matrix on the areas of the articular surfaces 
of the femur and tibia; the second is a lamellar layer 
lying under the fibrillar network and consisting of radi-
ally oriented bundles of collagen fibers; and the third is 
the central main layer of collagen fibrils passing along 
the circumference from the anterior horn to the poste-
rior [5]. Collagen, a part of the meniscus, is represented 
by different types. The outer third is dominated by col-
lagen of the first type, and the inner part of the menis-
cus is dominated by collagen of the second type [6]. Type 
II collagen makes up 90% to 95% of the collagen content 
of articular cartilage and forms fibrils intertwined with 

GAGs that provide structural rigidity, elongation, and 
strength to articular cartilage [7]. Through characteriza-
tion studies, it is known that collagen and GAG content, 
compressive strength, and genetic expression in articular 
cartilage vary depending on factors such as age, location, 
and loading area [8, 9].

Various changes in the matrix composition caused by 
aging or injury lead to the development of such a degen-
erative disease as OA [10–12]. It is currently impossible 
to restore the affected cartilage by existing treatment 
methods, and early diagnosis of OA is essential to start 
adequate treatment aiming at slowing down the progres-
sion of degenerative processes [12]. Late stages of OA 
are characterized by physical (increased permeability 
and decreased extensibility) and structural (decrease in 
collagen and PGs concentrations, increased hydration) 
cartilage changes. At the same time, the composition of 
cartilage in the early stages of OA differs slightly from the 
norm, which complicates early diagnostics [13].

Biochemical methods for assessing the composition 
of cartilage (the concentration of collagen and PGs) 
are highly accurate, however their use is possible only 
on the removed cartilage tissue (biopsy), with prelimi-
nary chemical treatment, which excludes the use of this 
method in  vivo [14–18]. Histological methods are also 
not applicable intraoperatively because it is necessary to 
gather the patient’s biological material for subsequent 
analysis. Their results can be subjective and depend on 
the quality of the material, as well as the experience and 
competence of the diagnostician [2]. This method can 
be supplemented by subsequent densitometry [19, 20]. 
Contrast-enhanced computed tomography (CT) seems 



Page 3 of 12Raikov et al. Collagen and Leather            (2024) 6:30 	

to be a promising method for quantitative and spatial 
assessment of the cartilage condition. However, there 
are certain limitations, such as complex technical equip-
ment, long time of the contrast agent distribution in the 
thickness of the cartilage, which can take from 2 to 72 h, 
the need to introduce contrast into the joint cavity, and 
its possible toxicity [21, 22]. All these problems need to 
be solved, as so far, they make it difficult to apply this 
method in  vivo or intraoperatively. Magnetic resonance 
imaging (MRI) is a non-invasive method for diagnosing 
the state of cartilage. The results are influenced by PGs 
concentration, collagen orientation, and cartilage hydra-
tion level. Intraoperative use is also currently impossible 
[12, 19, 23].

Quantitative methods of MRI examination of articular 
cartilage allow a more accurate assessment of its struc-
ture. In most cases, ECM components are assessed, 
namely PGs, GAGs, and collagen. Among the available 
methods, the most common, informative, and accessi-
ble method is T2 mapping [24]. T2 relaxation time is a 
noninvasive marker of cartilage degeneration because it 
is sensitive to the biochemical composition and degree of 
tissue hydration [25]. The T2 relaxation time depends on 
the articular cartilage’s water content and the integrity of 
the ECM. The decrease in T2 relaxation time occurs due 
to the interaction of collagen fibers (component of the 
ECM) with water protons [26]. The increase in T2 relaxa-
tion time is not associated with a decreased collagen con-
centration in articular cartilage but is explained by its 
organization [27]. Thus, T2 relaxation time is a parameter 

characterizing the hydrophilicity of articular cartilage tis-
sue and the anisotropy of collagen distribution.

Another possible parameter for assessing biochemi-
cal changes in cartilage tissue is the relaxation time T1ρ, 
which characterizes the low-force interaction between 
low-mobility water molecules and the macromolecular 
environment [27]. The main component of cartilage that 
influences the mobility of water molecules is the inter-
cellular substance. The PGs level in the cartilage matrix 
is mainly responsible for the tissue’s high elasticity and 
firmness. Thus, a decrease in the concentration of PGs, 
as large, sedentary molecules, can change the value of 
the T1ρ parameter, which reflects the initial changes in 
OA [28]. Another method for MRI diagnosis of OA is the 
delayed gadolinium-enhanced MRI of cartilage (dGEM-
RIC) technique, based on studying the loss of GAGs in 
cartilage tissue. T1p and dGEMRIC are standard meth-
ods but require more time to collect data [29].

Thus, the methods are either used retrospectively for 
the final determination of the stage of OA (biochemi-
cal, histological, densitometry) or require refinement of 
the methodology and technology to be integrated into 
the practice of an orthopedic doctor (CT, MRI). Each 
method is unique and is characterized by its physi-
cal principle and target in the composition of cartilage 
tissue.

Modern research is focused on optical and acous-
tic diagnostic techniques that enable the assessment of 
the tissue state in real time without damaging it. Near-
infrared spectroscopy (NIR spectroscopy) is one of the 

Fig. 1  Structure of articular cartilage and components of the intercellular matrix
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most promising techniques that has shown great poten-
tial for rapidly determining cartilage integrity. NIR spec-
troscopy determines molecular vibrations, sensitive to 
certain types of bonds, including C-H, N–H, O–H, and 
S–H, which form the structural framework of soft bio-
logical tissues. In this regard, in recent years, there has 
been increased interest in this method in the study of 
the characteristics of plaques, the diagnosis of arthritis, 
and the assessment of the state of tumors. The use of NIR 
spectroscopy to assess the state of cartilage requires an 
understanding of the contribution of individual tissue 
components to its overall spectral response. Thus, the 
interpretation of spectroscopy results requires a fun-
damental understanding of the interaction of certain 
components of the cartilage matrix with specific areas 
of the spectrum [11] (Fig. 2). The ECM of articular car-
tilage consists of networks of collagen fibrils, proteins 
not associated with collagen, and PGs. Collagen fibrils 
are responsible for the tissue’s tensile and shear stiffness, 
providing the structural framework of the tissue. PGs, 
in turn, play a key role in the tissue’s ability to resist and 
recover from the stress. The spectrum of articular carti-
lage can be considered as the total value of the interaction 
of infrared radiation with tissue at the microstructural 

level. Consequently, various structural changes in the 
composition of cartilage components can be detected by 
changes in this spectrum, which reflects the physical and 
functional characteristics of the tissue [10, 15].

Finding the optimal method for assessing the state of 
cartilage in OA remains an urgent problem in clinical 
practice. Therefore, this work aims to understand the 
current state and possibilities of laboratory and instru-
mental diagnostic methods (MRI, CT, spectroscopy), 
namely, their use in intraoperative diagnostics of the car-
tilage condition.

2 � Methods
The literature review was performed based on the pre-
ferred reporting items for systematic reviews and meta-
analysis (PRISMA 2020) statement [30] (Fig.  3). The 
search was conducted using the following strategy: prote-
oglycans AND articular AND cartilage AND water AND 
content NOT ligament NOT treatment OR CH-band. 
After eliminating 14 articles without DOI, 128 articles 
were analyzed. After a thorough screening, 97 articles 
were excluded against the exclusion criteria, and only 31 
were eligible for inclusion. Thus, a total of 31 studies were 
selected for further qualitative analysis.

Fig. 2  Near-infrared spectroscopy of articular cartilage
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Inclusion criteria:

•	 All original articles and studies in English literature 
from 1978 to 2023 reporting on the performance of 
structural contents of knee joint cartilage and menis-
cus

•	 In vitro studies
•	 Clinical and experimental studies on animal and 

human models

Exclusion criteria:

•	 Tests were performed on any other joints except for 
the knee joint

•	 Tests were performed on ligaments or tendons
•	 Reviews of treatment methods for the cartilage 

pathology
•	 In vivo / in situ / in silico studies
•	 Bioengineering studies
•	 Literature reviews

•	 Other scientific fields except medicine (Physics, 
Chemistry, Biology)

•	 Reviews of research method results only

The collected titles and abstracts were screened using 
the selection and exclusion criteria outlined above, and 
eligibility was confirmed after reviewing the full text.

We assessed the risk of bias in randomized trials using 
the internationally recommended Cochrane Bias Risk 
Assessment tool (Table 1).

3 � Results
3.1 � Overview
As shown in Fig.  3, 31 articles out of 142 were selected 
for a systematic review, and 111 articles were excluded 
according to the criteria (PRISMA 2020). Among all 
included articles, 17 of them are experimental studies [1, 
2, 13–15, 18, 21, 24, 25, 31–38], 8 are designed as con-
trolled experimental studies [12, 23, 39–44] and 6 are 
randomized experimental studies [16, 45–49].

Fig. 3  Preferred reporting items for systematic reviews and meta-analysis (PRISMA 2020)

Table 1  Cochrane risk of bias assessment for all included studies

 + Low risk of bias;—High risk of bias; ? Unclear risk of bias

Selection bias
Random sequence 
generation

Selection bias
Allocation 
concealment

Reporting bias
Selective 
reporting

Performance bias 
Blinding
(participants and 
personnel)

Detection bias 
Blinding
(outcome 
assessment)

Attrition 
bias
Incomplete 
outcome 
data

Wei L et al., 2001  +  ?  +  ? ? ?

Gao T et al., 2021  +  - ? ?  +  ?

Froimson MI et al., 1997  +  -  +  ?  +  ?

Wheaton AJ et al., 2005  +   +  ? ?  +   + 

Appleyard RC et al., 2003  +   +  ? ?  +  ?

Palmoski MJ et al., 1981 ? - ?  +   +  -
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Quantitative collagen determination was performed in 
20 papers. Primary research methods were Biochemical 
analysis in 14 papers [14–16, 18, 24, 32–34, 40, 41, 43, 46, 
47, 49], Spectroscopy in 3 papers [13, 24, 36], Histological 
analysis in 3 papers [21, 33, 38], Immunohistochemical 
analysis in 1 paper [2] and MRI mathematical calculation 
in 1 paper [12]. Quantitative PGs determination was per-
formed in 28 papers. The main research methods were 
Biochemical analysis in 21 papers [14–16, 18, 23, 24, 32–
34, 37, 39–49], Spectroscopy in 4 papers [13, 24, 31, 38], 
and also MRI [12], Densitometry [21] and Histological 
analysis [2, 35]. Hydration was performed in 25 papers. 
Water content was measured by lyophilization and sub-
sequent weighting in 17 papers [2, 13, 15, 16, 18, 21, 23, 
24, 32, 33, 36, 40, 43, 44, 46, 47, 49]. Simple weighting 
was performed in 5 papers [34, 35, 37, 39, 41], and few 
authors used such methods as MRI [12] and Spectros-
copy [1, 48].

At the same time, our area of interest included quan-
titative components content (concentration), and their 
spatial distribution in the wall of the cartilage itself, par-
ticularly collagen and PGs content in the different layers 
(superficial, middle, and deep layers). Spatial PGs deter-
mination was performed in 9 papers [2, 12, 15, 18, 21, 32, 
33, 38, 45], main methods were Spectroscopy in 5 papers 
[15, 32, 33, 38, 45], CT scan and MRI in 2 papers [12, 21], 
and Histological analysis [2, 18]. Spatial collagen deter-
mination was performed in 8 papers [2, 12, 15, 18, 21, 33, 
38, 45]. The main methods were Spectroscopy in 3 papers 
[15, 38, 45], CT [21, 33], MRI [12], Histological [18] and 
Immunohistochemical analysis [2].

Among 31 articles, 26 are devoted to the study of the 
“non-meniscus” cartilage, 4 are about meniscus, and the 
composition of both meniscus and “non-meniscus’ carti-
lage was analyzed with their subsequent comparison only 
in 1 study.

Twelve papers studied the dependence of mechani-
cal properties and cartilage composition on the different 
stages of OA and several methods of modeling OA [1, 24, 
38, 41–49]. Mechanical properties have been investigated 
in 18 papers [1, 13–16, 18, 23–25, 31, 32, 34, 35, 42–44, 
47, 49], elastic modulus was described in 9 works [1, 
13–16, 18, 31, 43, 49], equilibrium elastic modulus was 
measured in 3 papers [15, 24, 32], dynamic elastic modu-
lus was presented in 2 papers [23, 24], instantaneous elas-
tic modulus was also in 2 papers [15, 32], relaxation time 
was detected in 3 papers [1, 25, 34] and permeability was 
studied in 3 papers [13, 16, 49].

Articles devoted to the methods of modeling OA are 
experimental studies performed on animals. The most 
frequently used is a biomechanical method of modeling 
OA in 4 papers [41, 42, 46, 47], mechanical methods are 
described in 3 works [43, 44, 48], and chemical methods 

are applied in 2 papers [45, 49]. The main investigation 
methods are laboratory methods, such as biochemical 
and/or histological analysis, performed in all 9 papers 
about modeling OA [41–49]. Some authors used instru-
mental diagnostic methods (MRI and spectroscopy) [45, 
49] (Table S1).

3.2 � Methodological quality assessment
All the RCTs included in the present systematic review 
were analyzed using the “Cochrane risk of bias” tool to 
detect potential bias. The results of the assessment have 
been detailed in Table  1. Although a relevant number 
of RCTs were found (6), it emerged that all studies pre-
sented at least two or more domains with “unclear” or 
“low” risk of bias, thus suggesting that, despite randomi-
zation, the overall reliability of the findings should be 
considered with caution. There is a need for a methodo-
logical improvement in future research on this topic.

3.3 � Special part
3.3.1 � Meniscus cartilage
The highest concentration of the PGs was observed in the 
middle layer of the meniscus with a subsequent decrease 
in the deep layer and the lowest concentration in the 
superficial layer [12, 18, 31]. At the same time, the high-
est concentration of collagen was noted in the superficial 
layer [18]. The mechanical properties of the meniscus tis-
sue vary as well, depending on the meniscus zone, so in 
the anterior part the elastic modulus is 25–30% higher, 
compared with the middle and posterior parts. At the 
same time, the permeability of the cartilage and collagen 
content in it is significantly higher in the posterior zone – 
permeability of the middle and posterior parts of tissue is 
2–3 times higher than one of the anterior part [13, 18, 32]. 
Comparing “non-meniscus” cartilage and meniscus tissue, 
it was found that the meniscus contains more collagen but 
has lower PGs content and hydration level [18, 33].

With the progression of cartilage degeneration, the 
collagen content decreases (40% difference between 1 
and 4 stages of OA), the PGs content decreases slightly, 
the hydration increases slightly (5% difference between 1 
and 4 stages of OA). The permeability increases (50% dif-
ference between 1 and 4 stages of OA), and the stretch-
ing ability of the meniscus decreases (50% difference 
between 1 and 4 stages of OA) [13].

3.3.2 � “Non‑meniscus” cartilage
In healthy cartilage, most PGs are contained in the 
deep layer, while the highest collagen concentration was 
observed in the superficial and middle layers [2, 15, 21, 
45]. The increase in PGs and collagen increases the elas-
tic modulus [14, 34]. The amount of collagen is the same 
in places with different physiological loads due to the 
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natural biomechanics of movements (higher loaded, so-
called, high weight bearing zones – the lower part of the 
medial and lateral condyle of the femur and lower loaded, 
so-called, low weight bearing zones – the anterior part of 
the condyles of the femur and the femoral groove) [15, 
39]. At the same time, the amount of PGs differs – carti-
lage of the high weight bearing zones (femur’s condyles) 
contains 20% more PGs, compared with the cartilage of 
the low weight bearing zones (femoral groove) [15, 39]. 
Also, PGs affect water binding – with a decrease in PGs, 
the water output from the cartilage increases at pressure 
[23, 35] (Fig. 4). The average value of the cartilage hydra-
tion is 82%. Most of the water – 84%, is contained in 
the superficial layer with a gradual decrease in the mid-
dle layer to 40–60% hydration in the deep layer [21, 36, 
37]. At the same time, cartilage of the low weight bearing 
zones (femoral groove) was remarkable for higher hydra-
tion level, compared with high weight bearing zones 
(femoral condyles) [15]. Comparing cartilage from differ-
ent parts of the knee joint within the same bone (tibia), 
such as "free" cartilage (normally not covered by the 
meniscus) and cartilage directly underlying the menis-
cus, it was found PGs and collagen content, as well as 
hydration level were higher in cartilage not covered by 
the meniscus, compared to cartilage lining the base of the 
meniscus. Thus, the concentration of PGs and collagen is 
17–20% higher, and the hydration is 15% higher in "free" 
cartilage [40].

What should be mentioned is that the cartilage of the 
high weight bearing zones (femoral condyles) has higher 

short-term and equilibrium elastic modulus but its 
stress-relaxation time is lower, compared with the one 
of low weight bearing zones (femoral groove) [15, 25, 
34]. Cartilage from the patella contains 20% more PGs, 
its permeability is 66% higher, its elastic modulus is 30% 
lower, and its thickness is 23% greater than the femur 
cartilage. The collagen content of patella cartilage and 
femoral cartilage is the same [16].

3.3.3 � OA modeling
We analyzed literature data on changes in cartilage com-
position in different types of OA modeling (reproduction 
by various processes inherent to natural changes occur-
ring in OA). Different approaches were used in modeling:

1.	 Biomechanical modeling

–	 Valgus osteotomy (redistribution of cartilage load 
in the knee joint).

–	 Increasing the load on cartilage by running (to 
study the effect of excessive loading on cartilage 
composition at habitually loaded sites).

–	 Cruciate ligament crossing and meniscectomy (to 
model knee instability and study the changes it will 
lead to).

–	 Immobilization of the limb (to study the composi-
tion of cartilage in conditions of complete absence 
of load on the knee joint).

Fig. 4  Changes in different layers of articular cartilage depending on compression
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2.	 Chemical modeling
–	 Interleukin and trypsin treatment (to reproduce the 

loss of PGs and collagen, mimicking their natural 
loss in OA).

As a result of valgus osteotomy, an increase in colla-
gen and PGs content was observed in the cartilage with a 
lower load (medial femoral condyle). While in the carti-
lage with higher load (lateral femoral condyle), there was 
a decrease (both collagen and PGs), first in the upper 
layers of cartilage and then in all layers. The water con-
tent of cartilage was also found to increase with greater 
loading [46].

When OA was modeled using physical activity, namely 
running, it was found that the collagen content in the 
cartilage of the lateral femoral condyle decreased by 
14–20%. The PGs content was virtually unchanged except 
at the posterior edge of the medial condyle, where a 30% 
decrease was observed. The hydration of the cartilage of 
the sulcus block and the anterior and middle portions of 
the lateral femoral condyle increased by 5–17% [41]. As 
a result of instability caused by cruciate ligament cross-
ing, a 10% decrease in PGs content and a 30% increase in 
shear modulus were observed in the cartilage of the oper-
ated knee joint, compared to the control group [42].

In the modeling of OA using lateral meniscectomy, a 
20% decrease in collagen content, a 52% increase in PGs 
content, an increase in hydration, a 26–135% increase in 
cartilage thickness, and a 70% decrease in shear modulus 
were found in the cartilage of the lateral zone of the tibial 
plateau. At the same time, in the cartilage of the medial 
zone, a 10% decrease in collagen content, a 14–19% 
increase in PGs content, a 19–30% increase in cartilage 
thickness, and no change in hydration and shear modulus 
were found [47].

When the lower limb was immobilized for 4 weeks, a 
decrease in PGs content and a 6% increase in cartilage 
hydration were observed. Mechanical parameters also 
changed—elastic modulus increased by 140%, and shear 
modulus decreased by 75%, compared to cartilage from 
the control group. When immobilized for 8 weeks, ten-
sile modulus increased by 88%. The ratio of PGs to col-
lagen in the cartilage of the immobilized group did not 
change compared to the control group [43, 44, 48].

When cartilage was treated with interleukin-1β to 
reproduce the processes of OA, the following results 
were obtained: the content of PGs in cartilage decreased 
by 30%, and the elastic modulus decreased by 22%. The 
decrease in collagen was insignificant: a 5–10% decrease 
in concentration was observed [49]. Modeling OA with 
trypsin (causing cartilage degradation mainly due to lysis 
of the GAGs) was performed to evaluate Raman micro-
spectroscopy profits and disadvantages,which proved 
the positive significant correlation between histological 

analysis results and spectroscopy. High spatial resolution 
and section-free technique for cartilage condition assess-
ment make this method promising for implementation 
into standard clinical practice [45].

3.3.4 � Changes at different stages of OA
In the early stages of OA, PGs content decreases in the 
superficial and middle layers of cartilage, while in late 
OA, it decreases in all layers. Also, in early OA, the col-
lagen content does not change, while in the late stages, a 
decrease was observed mainly in the middle layers [38]. 
In contrast to cartilage in late OA, healthy cartilage con-
tains 30% more collagen and 60% more PGs [24]. Total 
water content observed by the NIR spectroscopy tends to 
decrease with the progression of OA, with a 25% differ-
ence between stages 1 and 4 according to ICRS, which is 
associated with a decrease in cartilage thickness and an 
overall decrease in the proportion of water in detected 
volume. Cartilage degeneration is also accompanied by 
changes in mechanical properties, such as elastic mod-
ulus decreases with OA progression (80% difference 
between stages 1 and 4 according to ICRS), relaxation 
time decreases (40% difference between stages 1 and 4 
according to ICRS) [1] (Fig. 5).

4 � Discussion
This systematic review analyzes more than 30 articles 
devoted to the study of the composition of cartilage in 
osteoarthritis published over the past 40 years.

For a long time, the ideas about the cartilage struc-
ture were based only on histological tissue analysis, but 
advances in radiology diagnostic methods changed all 
conceptions dramatically. Now, it is possible to examine 
the condition of the cartilage without using traumatic 
material sampling from patients. Diagnostics include 
MRI and CT, as well as spectroscopy. The analysis of such 
a large number of articles demonstrates a growing inter-
est in such a diagnostic method as spectroscopy—more 
than a third of the works (13) conducted a study of carti-
lage using spectroscopy, while less than ten studies using 
CT and MRI (9). It is worth noting that the peak of works 
about using spectroscopy has been in the last 8  years 
(since 2015).

One of the actual non-invasive methods adequate for 
diagnosing intraarticular damage to the articular carti-
lage is MRI. However, the accuracy of determining the 
degree of cartilage tissue hydration is debatable since 
the results significantly depend on the concentration of 
PGs and collagen in the cartilage [2, 12]. Using specific 
techniques (measurement of mcDESPOT at 3.0  T) is 
still possible to non-invasively determine the content of 
PGs. However, these techniques require further develop-
ment [11]. CT is an effective way to diagnose the state 
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of cartilage tissue, the results of which correlate with 
an accurate histological picture. This method provides 
quantitative results on matrix components such as PGs 
and collagen and can also be used to study the spatial 
arrangement of these components [22, 33]. The main 
disadvantages of this method are the high cost and long 
timing of the procedure, since the minimum time for the 
penetration of contrast into the cartilage and its distribu-
tion takes 2  h, and the highest correlation between the 
results of CT and histological examination is observed 
48  h after the injection of contrast, which makes this 
method applicable in a hospital setting only [21]. The 
histological method, supplemented by densitometry, is 
considered the golden standard for diagnosing the stage 
of OA. Still, as the sampling of cartilage tissue along with 
the underlying bone is needed for its implementation, 
this sampling must be carried out from several places 
since the cartilage condition may differ in different areas. 
This makes it impossible for intraoperative use due to 
the inevitable traumatization of the cartilage [19–21, 33]. 
Mechanical properties of cartilage significantly cor-
relate with its condition, but, unfortunately, with the 
use of a mechanical diagnostic method, whether it 
is the study of the elastic modulus, shear modulus or 
dynamic pressure modulus, it is impossible to diagnose 
the early stage of OA as in this period the changes are 
insignificant and occur at the microstructural level only 
[11, 13, 14, 20, 24].

As can be seen from the results obtained, the research 
methods used cannot be applied to intraoperative 
diagnostics. Fourier transform infrared spectroscopy 

allows us to determine changes in the content of col-
lagen and proteoglycans for unstained cartilage sam-
ples. In particular, to identify a decrease in the content 
of proteoglycans at early stages and collagen at later 
OA stages [13, 38]. Polarizing microscopy also makes 
it possible to detect changes in collagen orientation in 
the early stages [38]. Therefore, optical methods can 
provide important diagnostic information. However, 
techniques implemented in these studies require prior 
sample preparation and are unsuitable in an intraop-
erative context. Near-infrared spectroscopy can be 
used to observe diffuse reflectance spectra and deter-
mine changes in the content of the main components 
during in  situ measurements. This is possible due to 
lower water absorption index values, as discussed in 
[1]. Therefore, the advancement of this technique is of 
considerable interest.

The developed and applied spectroscopy method 
makes it possible to assess the condition of the patient’s 
cartilage during surgery, making measurement more 
objective and helping doctors to plan subsequent treat-
ment strategies more precisely.

It should also be noted that some papers lack infor-
mation about the methodology of the study, as a result 
of which the reader may have a skeptical attitude to the 
results of these articles, as in the works of [2, 12] and 
[36], there is no information on the number of animals 
involved in the experiment, and in the works of [36] 
and [35], there is no data on both the number of ani-
mals participating in the experiment and the number of 
samples of knee joint cartilage taken.

Fig. 5  Changes of water content in articular cartilage depending on cartilage lesion classification according to ICRS
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5 � Conclusion
According to our findings, spectroscopy is the primary 
instrumental method for determining cartilage’s quan-
titative and spatial structure, and it has a wide range 
of usage—from experimental animal studies to clinical 
practice applications. A progressively developing topic 
is assessing the cartilage composition with ray meth-
ods, such as MRI, CT, and Spectroscopy. The increased 
interest in spectroscopy sets the direction of the search 
and the subject of subsequent research in this field for 
a better and more accurate understanding of the car-
tilage composition. Timely detection of the knee joint 
degradation at the level of tissue changes can prevent 
its progressive damage due to the early beginning of 
appropriate treatment.
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