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Abstract
This paper presents the results of experimental studies using the synovial fluid
Raman spectroscopy method, which was obtained from the joint cavity during
the operation. By analyzing the composition of the synovial fluid, it was found
that with the development of the degenerative-dystrophic process in the synovial
fluid of the affected joint, the total number of components at wave numbers: 1155
cm-1 (Hyaluronic acid (C-O, C-C)) and 1250 cm-1 (Amide III). The introduced optical
coefficients allow estimating the synovial fluid in osteoarthritis and further this
method of Raman spectroscopy can become a new diagnostic screening for the
detection of articular pathology.
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1. Introduction

The synovial fluid contained in the joint cavity is a biological medium unique in biophys-
ical, physicochemical properties and composition, ensuring the sliding of the articular
surfaces of bones playing a damper function, its damage causes a change in the cellular
composition of the synovial fluid [1]. synovial fluid or synovia is a kind of indicator of
the vital activity of the joint, which is formed and replenished by substances com-
ing from the blood plasma and secreted by the membrane of the joint membrane,
is considered as a boundary layer between the synovial membrane, cartilage and
subchondral bone [2]. Therefore, for the timely and accurate diagnosis of joint disease
and, as a consequence, the more accurate appointment of subsequent treatment of
the patient is the analysis of synovial fluid.

Unfortunately, the study of synovial fluid is relatively rare; interpretation of the
results of analysis causes considerable difficulties. Standard diagnosis of synovial fluid
includes macroscopic analysis by which the volume, color, viscosity, turbidity and other
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external signs are determined, cell counts are taken, as well as microscopic analysis of
the native preparation, cytological examination of the colored preparation [3].

At present, optical methods of research have become widely used for the study
of bioobjects: backward scattering spectroscopy [4], microscopic analysis [5, 6], and
Raman spectroscopy [7, 8]. Raman spectroscopy has certain advantages over other
methods. The most important of them are the simplicity of sample preparation, mini-
mally invasive and large amount of information received. The spread of this method in
medicine can improve the results of surgical treatment of patients, allowing reasonably
select the rational tactics of treatment of patients, as well as objectively evaluate the
functional outcomes of surgical interventions undertaken to correct the pathology of
the joints.

The authors of the articles [9, 10], conducted studies of the structure of the synovial
fluid and evaluated the content of their protein components.

The aim of this work is to study the joint synovial fluid in case of osteoarthritis with
the help of the Raman spectroscopy method.

2. Materials and methods of research

Studies were performed on samples of synovial fluid obtained from the articular knee
bag, by puncturing the knee joint with a disposable syringe. Differences in Raman
spectra were determined for samples of synovial fluid in the diagnosis of ostearthrosis.
Samples were divided into two groups: 1 - conditionally healthy (control samples), 2 -
developed osteoarthritis.

Samples of synovial fluid were investigated using a stand that implements the
Raman spectroscopy method. The method includes a high-resolution digital spec-
trometer Shamrock sr-303i with a spectral range of 200-1200 nm, with a built-in
cooled camera DV420A-OE, a fiber-optic probe RPB-785 for Raman spectroscopy,
combined with a LuxxMaster LML-785.0RB-04 laser module with a length a wave of
laser radiation of 785 nm and a line width of 0.2 nm [11, 12].

Processing of Raman spectra was carried out in the program Wolfram Mathematica
9.

3. Results and discussion

The average Raman spectra of the synovial fluid are shown in Fig. 2. The decoding of
the main lines is given in Table 1.
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Figure 1: Averaged spectra of Raman scattering of synovial fluid: I - Conditionally healthy; II -Developed
osteoarthritis.

T 1: Interpretation of Raman spectra of synovial fluid.

CM−1 Substance, oscillation

744 Protein (C-C-O) [13 7]

876 Protein (С-С deformation) [14 8]

1001 Respiratory ring of phenylalanine [15 9]

1155 Hyaluronic acid (C-O, C-C) [13 7]

1250 Amide III [16 10]

1280 Amide III [13 7]

1337 Hyaluronic acid [13 7], nucleic acids

1442 CH2 / CH3 deformation twisting [17 11]

1580 Amide I [13 7]

1650 Amide I [17 11]

1745 (C = O) Lipids [18 12]

The increase in the content of hyaluronic acid at a wave number of 1155 cm-1
(Hyaluronic acid (C-O, C-C)) was revealed on the spectra of the conditionally healthy
specimens of synovial fluid in comparison with the developed osteortrosis (Fig. 2)
(Figure 2), the presence of which provides the viscosity of the synovial fluid, lubricating
effect and absorption of shock impulses in the joint [19], as well as an increase in the
Amide III content at a wave number of 1250 cm-1 resulting from the wear of the
cartilaginous tissue, the subchondral bone [20].

The relatively constant component of the synovial fluid is (C = O) lipids corresponding
to a wave number of 1745 cm-1, so it was used as a denominator in the introduced
optical coefficients, which will be used to record the changes that occur in the synovial
fluid in osteoarthritis.
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1. optical coefficient K - showing the ratio of hyaluronic acid to assess the visco-
elastic properties of the synovial fluid:

𝐾 = 𝐼1155
𝐼1745

2. Optical coefficient L - showing the ratio of the amide component of the synovial
fluid to assess the degree of wear of the cartilage:

𝐿 = 𝐼1250
𝐼1745

where Ii are the intensity values at the corresponding wave numbers.

Based on the values of the obtained optical coefficients K and L, a two-dimensional
diagram was constructed (Figure 2).

Figure 2: The two-dimensional diagram of experiments with synovial fluid.

From the two-dimensional diagram it can be seen that all the selected coefficients
grow with osteoarthritis. coefficient L (Amide III) in the range of 0.7-0.9. In the process
of destruction, the cartilaginous tissue loses its ability to function normally and the
decay products of the cartilaginous tissue contribute to a change in the composition
of the synovia, which is expressed in the growth of these coefficients.

The analyzed samples are not pure cases of osteoarthritis, but osteoarthrosis com-
bined with joint injuries. Probably, the increase in the coefficient K, which is located in
the region of 0,9-1,3 and is associated with hyaluronic acid, is caused by the reaction of
the body, which manifests itself in an attempt to reduce the load on the damaged joint
surface by increasing the viscosity of the synovial fluid by increasing the concentration
of hyaluronic acid.

The analysis of the two-dimensional diagram showed that with the help of the
introduced optical coefficients it is possible to reliably verify the development of oste-
ortrosis.
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4. Conclusions

As a result of the Raman spectroscopy analysis, the component composition of the
test substance can be identified.

With the development of the degenerative-dystrophic process in the synovial fluid
of the affected joint, the total number of components at wave numbers increases: 1155
(Hyaluronic acid (C-O, C-C)) and 1250 cm-1 (Amide III).

The use of the proposed optical coefficients characterizing the synovial fluid in
osteoarthritis with the help of Raman spectroscopymay later become a new diagnostic
screening for the detection of joint pathology.
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