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Abstract: Synovial fluid (SF) is a viscous and mucinous substance produced by the synovium, a
specialized connective tissue that lines diarthrodial joints. SF represents a source of disease-related
proteins that could be used as potential biomarkers in several articular diseases. Based on these
findings the study of SF has been gaining increasing importance, in recent years. This review aims
to summarize the usefulness of synovial fluid in orthopaedics research and clinical practice, mainly
focusing on osteoarthritis (OA) and periprosthetic joint infections (P]Is). Proteomics of the SF has
shown the up-regulation of several components of the classic complement pathway in OA samples,
including C1, C2, C3, C4A, C4B, C5, and C4 C4BPA, thus depicting that complement is involved
in the pathogenesis of OA. Moreover, proteomics has demonstrated that some pro-inflammatory
cytokines, namely IL-6, IL-8, and IL-18, have a role in OA. Several SF proteins have been studied to
improve the diagnosis of PJIs, including alpha-defensin (Alpha-D), leukocyte esterase (LE), c-reactive
protein (CRP), interleukin-6 (IL-6), calprotectin and presepsin. The limits and potentials of these SF
biomarkers will be discussed.
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1. Introduction

The proteome is the cell’s specific protein complement in a defined physiological
context at a specific point in time [1]. Proteome analysis or “proteomics” is the large-scale
protein-based systematic analysis of the proteome, or a defined sub-proteome, from a cell,
tissue, or entire organism [1]. It is a relatively new discipline that has been growing rapidly
in the past two decades [2].

Synovial fluid (SF) is a viscous and mucinous substance produced by the synovium, a
specialized connective tissue that lines diarthrodial joints. Although the main function of
SF is to lubricate joints, thus reducing friction between the articular surfaces, it also allows
the nutrients and catabolites to circulate between the avascular articular cartilage and the
vascularized synovial membrane [3,4].

SF is an ultrafiltrate of plasma, containing the same plasmatic levels of glucose and
uric acid. The SF protein concentration, however, is about one-third of the plasmatic one [5].
Plasma constituents that enter joint fluid must cross a double-barrier membrane. First, the
endothelial lining of the capillaries is breached, followed by movement through a matrix
that surrounds synovial cells [6]. This ultrafiltrate is finally combined with the hyaluronate
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synthesized by the synovium [6]. It accumulates in a pathologic joint and reflects the
ongoing process of the joint disorder [7].

Therefore, SF might represent a potential source of disease-related proteins that could
be used as biomarkers in several articular diseases. Consequently, in recent years, the
study of SF has received increasing interest within the fields of orthopaedics and rheuma-
tology, to better investigate the pathogenesis and improve the management of several joint
diseases, including osteoarthritis (OA), rheumatoid arthritis (RA), other autoimmune non-
rheumatoid-arthritis conditions, osteochondrosis, articular infection, and periprosthetic
joint infection (PJI) [8-13].

This review aims to summarize the usefulness of synovial fluid in orthopaedics research
and clinical practice, mainly focusing on osteoarthritis and periprosthetic joint infections.

2. Synovial Fluid Proteome in Osteoarthritis

Osteoarthritis (OA) is the most prevalent degenerative joint disease and a leading
cause of pain and disability in elderly people. The Osteoarthritis Research Society Inter-
national (OARSI) defines OA as “a disorder involving movable joints characterized by
cell stress and extracellular matrix degradation initiated by micro-and macro-injury that
activates maladaptive repair responses including pro-inflammatory pathways of innate
immunity” [14].

OA, affecting 250 million individuals worldwide, mainly adults over 65 years of age,
represents a significant social health problem [15].

Even if several genetic and environmental risk factors promote the development
of OA, i.e., age, gender, ethnicity, body mass index (BMI), physical activity and muscle
weakness, the exact pathogenesis of OA is still unclear [16-19]. Recent studies have
highlighted a potential relationship between gut microbiota alterations and OA-related
pain and functional limitations [17-19].

The anatomopathological features of OA include cartilage degeneration, intra-articular
synovial inflammation and subchondral osteosclerosis [20-23].

Currently, the diagnosis of OA is based on physical examination, while the progression
of the joint degenerative changes could be assessed with imaging techniques only [16,20].

Osteoarthritis causes articular pain, joint stiffness, and loss of function, thus progres-
sively affecting the working ability and the social life of the patient [24]. Nonetheless,
the onset of symptoms occurs after the irreversible joint changes have developed [15].
Therefore, arthroplasty is still the most successful procedure for the treatment of OA, with
a reportedly high patient satisfaction rate [25-31].

Thus, the search for synovial fluid (SF) biomarkers that could anticipate the diagnosis
of OA is gaining increasing importance in orthopaedics [15].

Proteomics of the SF has shown the upregulation of several components of the classic
complement pathway in OA samples, including C1, C2, C3, C4A, C4B, C5, and C4 binding
protein alpha (C4BPA), thus depicting that complement is involved in the pathogenesis of
OA[1,2,7,12,32].

Corigliano et al., in a clinical study analysing the SF, obtained from 25 arthritic knees
at different stages, have recently reported that the expression levels of two complement C3
peptide fragments, i.e., C3f and C3f des arg, decrease with the progression of OA degree
severity [33]. These authors consequently suggest that C3f could be a useful tool for the
staging of knee OA [33].

Wang et al., in an interesting in vivo study performed on mice genetically deficient
in C5, C6, or CD59a, have shown that complement, and specifically the membrane attack
complex (MAC)-mediated arm of complement, is critical to the development of arthritis.

Moreover, these authors have shown that, in chondrocytes of mice genetically deficient
for C5, the expression of inflammatory and degradative molecules was lower than in
C5-sufficient mice [7].
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Based on this finding, Wang et al. hypothesized that increased SF levels of some com-
plement proteins should cause MAC formation, with subsequent chondrocyte apoptosis
and inflammatory response [7].

It should be noted that these data still have limited clinical usefulness, since it is
reported that complement inhibition causes an increased risk of infection, mainly caused
by Neisseria [32]. Eculizumab, an anti-C5f human monoclonal antibody FDA-approved
for the treatment of paroxysmal nocturnal haemoglobinuria (PNH) could be, however, a
promising tool in the treatment of OA [32,34,35].

Proteomics studies have also suggested that some pro-inflammatory cytokines, namely
IL-6, IL-8, and IL-18, could have a central role in the pathogenesis of OA [36-39].

Interestingly, Livshits et al. evaluated the circulating levels of IL-6 in 908 women
at recruitment and at 5-, 8-, and 15-year follow-ups [9]. All the patients also underwent
an X-ray of the knee at baseline and 10- and 15-years follow-up; the X-ray findings were
finally used to classify in stages, according to Kellgren and Lawrence, the severity of knee
OA in the recruited patients [9]. These authors reported that circulating levels of IL-6 are
significantly higher in women who develop OA, concluding that IL-6 could be a potential
therapeutic target in the treatment of knee OA [9].

Wang et al., in a controlled clinical radiographic study comparing 33 patients with
primary knee OA at different stages with 15 health subjects, observed that plasma, synovial
fluid, and articular cartilage IL-18 levels were significantly increased in OA patients, and
these elevated levels were positively correlated with radiographic OA severity [40].

Synovial Fluid Proteome and Periprosthetic Joint Infections

Periprosthetic joint infections (PJIs) are among the leading causes of revision prosthetic
surgery, accounting for 25% of failed total knee replacement (TKR) and 15% of failed total
hip replacement (THR) [12,30,40-48].

Hip and knee PJI are currently diagnosed according to the 2018 Philadelphia ICM
criteria [33,35]. Two positive cultures or a sinus tract presence are considered major criteria;
at least one major criterium is sufficient to diagnose a PJI [33].

In absence of major criteria, minor criteria are considered to diagnose a PJI; in this case,
a minimum score of 6 (out of 12) is needed to diagnose a PJI [33]. Minor criteria scoring is
defined as follows: 2 points for a serum CRP > 1 mg/dL; 2 points for D-dimer > 860 ng/mL;
2 points for erythrocyte sedimentation rate (ESR) > 30 mm /h; 3 points for a synovial fluid
white blood cell count > 3000 cells/pL; 3 points for an increased synovial fluid alpha-
defensin (signal to cut-off ratio > 1); 3 points for an elevated synovial fluid leukocyte
esterase (++); 3 points for polymorphonuclear percentage > 80% and 2 points for synovial
CRP > 6.9 mg/L.

The search for a biomarker that, together with clinical and radiological findings, could im-
prove the management of such a patient is currently a big challenge for orthopaedic surgeons.

In this context, the study of synovial fluid proteome might play a central role in future
research settings and daily clinical practice.

Alpha-defensin (AD) is an antimicrobial protein released by neutrophils in response to
pathogens [13]. AD then enters the pathogen’s cell membrane and causes its rapid killing,
thus supporting the immune system [13].

According to ICM Philadelphia 2018, an elevated synovial fluid AD, defined as the
signal to cut-off ratio > 1, is a minor criterium to define PJI diagnosis, hence, in the absence
of major criteria, AD should be routinely assessed to confirm or rule out a PJI [33].

Leukocyte esterase (LE) is an esterase expressed in white blood cells, thus their pres-
ence in a sample indicates leucocyte expression. An elevated synovial fluid LE is a minor
criterium to define PJIs, according to 2018 ICM Philadelphia; it is a diagnostic tool with a
2+ cut-off. It is a rapid and inexpensive test [9].

Ahmad et al. [1], in a recent meta-analysis based on 42 clinical studies, demonstrated
that synovial LE does not reach a diagnostic accuracy higher than positive culture bacteri-
ology or synovial white cell count, thus limiting the clinical relevance of this biomarker.
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C-reactive protein (CRP), i.e., a pentameric protein member of the pentraxin family of
proteins, is an acute-phase protein synthesized by the liver.

Although the diagnostic utility of synovial fluid CRP concentration has been debated in
recent years, according to ICM Philadelphia 2018, a synovial CRP concentration > 6.9 mg/L
is a minor criterion for PJI diagnosis.

IL-6 is a pro-inflammatory cytokine that induces the expression of a variety of proteins
responsible for acute inflammation [28,49].

Yu et al. [49], in a prospective study that recruited 139 patients affected by hip or knee
PJI, showed synovial IL-6 has a higher diagnostic accuracy for PJI, compared with synovial
fluid CRP. These authors recommend assessing synovial IL-6 in patients with an increased
serum IL-6 [49].

Calprotectin is a cytoplasmatic calcium- and zinc-binding protein expressed mainly in
neutrophils; it is released in the extracellular environment following neutrophil activation
and exhibits anti-microbial activity [50].

Faecal CPT has been used for many years in the diagnosis of inflammatory bowel
disease (IBD) [23], but in more recent years has been receiving increasing interest relative
to the study and diagnosis of PJI. It is a cheap test, compared to other biomarkers, and is
easy to use.

Wouthuyzen-Bakker et al. [50], conducted a pilot prospective study comparing 19 patients
suffering from PJI to 42 control patients, in which the calprotectin test was considered
suggestive of PJI when >50 mg/L. This cut-off level showed an excellent diagnostic accuracy
for PJI, with an area under the curve of 0.94, a sensitivity of 89%, and a specificity of 90% [50].

Presepsin, i.e., the N-terminal fragment of the soluble cluster of differentiation 14-subtype
(sCD14-5ST), is released in circulation after activation of defence mechanisms, mainly bacte-
rial phagocytosis [26,51,52].

This biomarker, originally studied and validated in the diagnosis and prognosis
stratification of sepsis [53], has recently been proposed as a potential biomarker for the
study of PJI and septic arthritis [26,51,52].

Imagine et al. [20], have recently evaluated synovial fluid and serum PS and procal-
citonin (PCT) levels in 18 patients with septic arthritis (SA), compared with 28 patients
affected by osteoarthritis (OA), to determine whether presepsin would be useful in the
diagnosis of SA.

These authors observed that synovial fluid, blood presepsin and blood PCT were
significantly higher in the SA group than in the OA group. Synovial fluid presepsin
exhibited both 100% sensitivity and 100% specificity in the SA group, which were at higher
rates than those for blood presepsin and PCT. Thus, Imaga et al. concluded that synovial
fluid presepsin could be a new biomarker of septic arthritis [20].

3. Conclusions

Synovial fluid proteome analysis is a promising approach in the study of OA and PJIs.
However, further studies with larger sample sizes and matched control groups are needed
to better define the limits and potentials of SF proteome in the assessment of OA and P]JIs.

Author Contributions: Conceptualization, D.B., L.M. and B.M.; methodology, D.B. and FL.M.;
validation, G.S., A.P. and S.S.; formal analysis, D.B. and A.G.; investigation, D.B.; resources, G.B.; data
curation, D.B.; writing—original draft preparation, D.B.; writing—review and editing, D.B., G.S. and
AP; visualization, A.G. and S.S.; supervision, B.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



J. Funct. Morphol. Kinesiol. 2022, 7, 97 50f7

References

1.  Balakrishnan, L.; Nirujogi, R.; Ahmad, S.; Bhattacharjee, M.; Manda, S.S.; Renuse, S.; Kelkar, D.S.; Subbannayya, Y.; Raju, R.;
Goel, R.; et al. Proteomic Analysis of Human Osteoarthritis Synovial Fluid. Clin. Proteom. 2014, 11, 6. [CrossRef] [PubMed]

2. Balakrishnan, L.; Bhattacharjee, M.; Ahmad, S.; Nirujogi, R.; Renuse, S.; Subbannayya, Y.; Marimuthu, A.; Srikanth, S.M.; Raju, R.;
Dhillon, M.; et al. Differential Proteomic Analysis of Synovial Fluid from Rheumatoid Arthritis and Osteoarthritis Patients.
Clin. Proteom. 2014, 11, 1. [CrossRef] [PubMed]

3. Bizzoca, D.; Rocchetti, M.T.; Scacco, S.; Taurino, E; Vicenti, G.; Spadaccino, F.; Moretti, L.; Ranieri, E.; Gesualdo, L.; Moretti, F; et al.
Beyond Pre-Analytical and Analytical Concerns in the Study of Synovial Fluid Proteome: Description of an Optimized Gel-Based
Protocol. J. Biol. Regul. Homeost. Agents 2021, 35, 827-832. [CrossRef]

4. Vicenti, G.; Bizzoca, D.; Nappi, V.S.; Moretti, F.; Carrozzo, M.; Belviso, V.; Moretti, B. Biophysical Stimulation of the Knee with
PEMFs: From Bench to Bedside. J. Biol. Requl. Homeost. Agents 2018, 32, 23-28. [PubMed]

5. Hui, A.Y,; McCarty, WJ.; Masuda, K,; Firestein, G.S.; Sah, R.L. A Systems Biology Approach to Synovial Joint Lubrication in
Health, Injury, and Disease. Wiley Interdiscip. Rev. Syst. Biol. Med. 2012, 4, 15-37. [CrossRef]

6.  Tamer, T.M. Hyaluronan and Synovial Joint: Function, Distribution and Healing. Interdiscip. Toxicol. 2013, 6, 111-125. [CrossRef]

7. Wang, Q.; Rozelle, AL, Lepus, CM.; Scanzello, C.R.,; Song, ].J.; Larsen, D.M.; Crish, J.E; Bebek, G.; Ritter, S.Y,;
Lindstrom, T.M.; et al. Identification of a Central Role for Complement in Osteoarthritis. Nat. Med. 2011, 17, 1674-1679.
[CrossRef]

8.  Peng, B.; Li, H,; Peng, X.-X. Functional Metabolomics: From Biomarker Discovery to Metabolome Reprogramming. Protein Cell
2015, 6, 628-637. [CrossRef]

9.  Livshits, G.; Zhai, G.; Hart, D.J.; Kato, B.S.; Wang, H.; Williams, EM.K.; Spector, T.D. Interleukin-6 Is a Significant Predictor of
Radiographic Knee Osteoarthritis: The Chingford Study. Arthritis Rheum. 2009, 60, 2037-2045. [CrossRef]

10. Zheng, K.; Shen, N.; Chen, H.; Ni, S.; Zhang, T.; Hu, M.; Wang, J.; Sun, L.; Yang, X. Global and Targeted Metabolomics of Synovial
Fluid Discovers Special Osteoarthritis Metabolites. ]. Orthop. Res. 2017, 35, 1973-1981. [CrossRef]

11.  Vicenti, G.; Bizzoca, D.; Carrozzo, M.; Solarino, G.; Moretti, B. Multi-Omics Analysis of Synovial Fluid: A Promising Approach in
the Study of Osteoarthritis. J. Biol. Regul. Homeost. Agents 2018, 32, 9-13.

12. Mobasheri, A.; Bay-Jensen, A.-C.; van Spil, W.E.; Larkin, ]J.; Levesque, M.C. Osteoarthritis Year in Review 2016: Biomarkers
(Biochemical Markers). Osteoarthr. Cartil. 2017, 25, 199-208. [CrossRef]

13. Hunter, D.J.; Nevitt, M.; Losina, E.; Kraus, V. Biomarkers for Osteoarthritis: Current Position and Steps towards Further Validation.
Best Pract. Res. Clin. Rheumatol. 2014, 28, 61-71. [CrossRef]

14. Goldring, M.B.; Goldring, S.R. Osteoarthritis. J. Cell. Physiol. 2007, 213, 626—634. [CrossRef]

15. Bizzoca, D.; Vicenti, G.; Solarino, G.; Moretti, F.; Gnoni, A.; Maccagnano, G.; Noia, G.; Moretti, B. Gut Microbiota and Osteoarthritis:
A Deep Insight into a New Vision of the Disease. J. Biol. Regul. Homeost. Agents 2020, 34, 51-55.

16. Bizzoca, D.; Solarino, G.; Vicenti, G.; Moretti, L.; Nappi, V.S.; Belluati, A.; Moretti, B. Novel Directions in the Study of Osteoporosis:
Focus on Gut Microbiota as a Potential Therapeutic Target. . Biol. Regul. Homeost. Agents 2020, 34, 29-35.

17.  Vicenti, G.; Bortone, I.; Bizzoca, D.; Sardone, R.; Belluati, A.; Solarino, G.; Moretti, B. Bridging the Gap between Serum Biomarkers
and Biomechanical Tests in Musculoskeletal Ageing. J. Biol. Regul. Homeost. Agents 2020, 34, 263-274.

18. Blanco, FJ.; Ruiz-Romero, C. Metabolomic Characterization of Metabolic Phenotypes in OA. Nat. Rev. Rheumatol. 2012, 8, 130-132.
[CrossRef]

19. Moretti, L.; Bizzoca, D.; Giancaspro, G.A.; Cassano, G.D.; Moretti, F.; Setti, S.; Moretti, B. Biophysical Stimulation in Athletes’
Joint Degeneration: A Narrative Review. Medicina 2021, 57, 1206. [CrossRef]

20. Vicenti, G.; Bizzoca, D.; Solarino, G.; Moretti, F.; Ottaviani, G.; Simone, F.; Zavattini, G.; Maccagnano, G.; Noia, G.; Moretti, B.
The Role of Biophysical Stimulation with Pemfs in Fracture Healing: From Bench to Bedside. . Biol. Regul. Homeost. Agents 2020,
34,131-135.

21. Cross, M,; Smith, E.; Hoy, D.; Nolte, S.; Ackerman, I; Fransen, M.; Bridgett, L.; Williams, S.; Guillemin, F,; Hill, C.L.; et al.
The Global Burden of Hip and Knee Osteoarthritis: Estimates from the Global Burden of Disease 2010 Study. Ann. Rheum. Dis.
2014, 73, 1323-1330. [CrossRef] [PubMed]

22. Hepinstall, M.S.; Rutledge, J.R.; Bornstein, L.J.; Mazumdar, M.; Westrich, G.H. Factors That Impact Expectations before Total
Knee Arthroplasty. . Arthroplast. 2011, 26, 870-876. [CrossRef]

23. Mahendran, S.M.; Oikonomopoulou, K.; Diamandis, E.P.; Chandran, V. Synovial Fluid Proteomics in the Pursuit of Arthritis
Mediators: An Evolving Field of Novel Biomarker Discovery. Crit. Rev. Clin. Lab. Sci. 2017, 54, 495-505. [CrossRef] [PubMed]

24. Corigliano, A.; Preiano, M.; Terracciano, R.; Savino, R.; De Gori, M.; Galasso, O.; Gasparini, G. C3f Is a Potential Tool for the
Staging of Osteoarthritis. J. Biol. Requl. Homeost. Agents 2017, 31, 29-35. [PubMed]

25. Hillmen, P; Young, N.S.; Schubert, J.; Brodsky, R.A.; Socié, G.; Muus, P; Roth, A.; Szer, J.; Elebute, M.O.; Nakamura, R.;
et al. The Complement Inhibitor Eculizumab in Paroxysmal Nocturnal Hemoglobinuria. N. Engl. ]. Med. 2006, 355, 1233-1243.
[CrossRef] [PubMed]

26. Brodsky, R.A.; Young, N.S.; Antonioli, E.; Risitano, A.M.; Schrezenmeier, H.; Schubert, J.; Gaya, A.; Coyle, L.; de Castro, C.;

Fu, C.-L.; et al. Multicenter Phase 3 Study of the Complement Inhibitor Eculizumab for the Treatment of Patients with Paroxysmal
Nocturnal Hemoglobinuria. Blood 2008, 111, 1840-1847. [CrossRef]


http://doi.org/10.1186/1559-0275-11-6
http://www.ncbi.nlm.nih.gov/pubmed/24533825
http://doi.org/10.1186/1559-0275-11-1
http://www.ncbi.nlm.nih.gov/pubmed/24393543
http://doi.org/10.23812/20-706-L
http://www.ncbi.nlm.nih.gov/pubmed/30644277
http://doi.org/10.1002/wsbm.157
http://doi.org/10.2478/intox-2013-0019
http://doi.org/10.1038/nm.2543
http://doi.org/10.1007/s13238-015-0185-x
http://doi.org/10.1002/art.24598
http://doi.org/10.1002/jor.23482
http://doi.org/10.1016/j.joca.2016.12.016
http://doi.org/10.1016/j.berh.2014.01.007
http://doi.org/10.1002/jcp.21258
http://doi.org/10.1038/nrrheum.2012.11
http://doi.org/10.3390/medicina57111206
http://doi.org/10.1136/annrheumdis-2013-204763
http://www.ncbi.nlm.nih.gov/pubmed/24553908
http://doi.org/10.1016/j.arth.2010.09.010
http://doi.org/10.1080/10408363.2017.1408561
http://www.ncbi.nlm.nih.gov/pubmed/29202618
http://www.ncbi.nlm.nih.gov/pubmed/29181954
http://doi.org/10.1056/NEJMoa061648
http://www.ncbi.nlm.nih.gov/pubmed/16990386
http://doi.org/10.1182/blood-2007-06-094136

J. Funct. Morphol. Kinesiol. 2022, 7, 97 60f7

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Wanner, ].P.; Subbaiah, R.; Skomorovska-Prokvolit, Y.; Shishani, Y.; Boilard, E.; Mohan, S.; Gillespie, R.; Miyagi, M.; Gobezie, R.
Proteomic Profiling and Functional Characterization of Early and Late Shoulder Osteoarthritis. Arthritis Res. Ther. 2013, 15, R180.
[CrossRef]

Sanchez Romero, E.A.; Ferndndez-Carnero, ].; Calvo-Lobo, C.; Ochoa Saez, V.; Burgos Caballero, V.; Pecos-Martin, D. Is a
Combination of Exercise and Dry Needling Effective for Knee OA? Pain Med. 2020, 21, 349-363. [CrossRef]

Sanchez-Romero, E.A.; Gonzalez-Zamorano, Y.; Arribas-Romano, A.; Martinez-Pozas, O.; Fernandez Espinar, E.; Pedersini, P;
Villafafie, ].H.; Alonso Pérez, ].L.; Fernandez-Carnero, J. Efficacy of Manual Therapy on Facilitatory Nociception and Endogenous
Pain Modulation in Older Adults with Knee Osteoarthritis: A Case Series. Appl. Sci. 2021, 11, 1895. [CrossRef]

Sinatti, P.; Sanchez Romero, E.A.; Martinez-Pozas, O.; Villafane, ].H. Effects of Patient Education on Pain and Function and Its
Impact on Conservative Treatment in Elderly Patients with Pain Related to Hip and Knee Osteoarthritis: A Systematic Review.
Int. ]. Environ. Res. Public Health 2022, 19, 6194. [CrossRef]

Turcotte, ].J.; Kelly, M.E.; Aja, ] M.; King, P.J.; MacDonald, J.H. Risk factors for progression to total knee arthroplasty within
two years of presentation for knee osteoarthritis. J. Clin. Orthop. Trauma 2021, 16, 257-263. [CrossRef]

Tsuchida, A.I; Beekhuizen, M.; Rutgers, M.; van Osch, G.J.; Bekkers, J.E.; Bot, A.G.; Geurts, B.; Dhert, W].; Saris, D.B,;
Creemers, L.B. Interleukin-6 Is Elevated in Synovial Fluid of Patients with Focal Cartilage Defects and Stimulates Cartilage Matrix
Production in an in Vitro Regeneration Model. Arthritis Res. Ther. 2012, 14, R262. [CrossRef]

Kokebie, R.; Aggarwal, R,; Lidder, S.; Hakimiyan, A.A.; Rueger, D.C.; Block, ]J.A.; Chubinskaya, S. The Role of Synovial Fluid
Markers of Catabolism and Anabolism in Osteoarthritis, Rheumatoid Arthritis and Asymptomatic Organ Donors. Arthritis Res.
Ther. 2011, 13, R50. [CrossRef]

Kaneko, S.; Satoh, T.; Chiba, J.; Ju, C.; Inoue, K.; Kagawa, J. Interleukin-6 and Interleukin-8 Levels in Serum and Synovial Fluid of
Patients with Osteoarthritis. Cytokines Cell. Mol. Ther. 2000, 6, 71-79. [CrossRef]

Wang, Y.; Xu, D.; Long, L.; Deng, X.; Tao, R.; Huang, G. Correlation between Plasma, Synovial Fluid and Articular Cartilage
Interleukin-18 with Radiographic Severity in 33 Patients with Osteoarthritis of the Knee. Clin. Exp. Med. 2014, 14, 297-304.
[CrossRef]

Vicenti, G.; Bizzoca, D.; Nappi, V.; Pesce, V.; Solarino, G.; Carrozzo, M.; Moretti, F.; Dicuonzo, F.; Moretti, B. Serum Biomarkers in
the Diagnosis of Periprosthetic Joint Infection: Consolidated Evidence and Recent Developments. Eur. Rev. Med. Pharmacol. Sci.
2019, 23, 43-50. [CrossRef]

Vicenti, G.; Bizzoca, D.; Cotugno, D.; Carrozzo, M.; Riefoli, F.; Rifino, F; Belviso, V.; Elia, R.; Solarino, G.; Moretti, B. The Use of a
Gentamicin-Coated Titanium Nail, Combined with RIA System, in the Management of Non-Unions of Open Tibial Fractures:
A Single Centre Prospective Study. Injury 2020, 51, S86-591. [CrossRef]

Demitri, S.; Vicenti, G.; Carrozzo, M.; Bizzoca, D.; De Franceschi, D.; Moretti, B. The Masquelet Technique in the Treatment of a
Non-Infected Open Complex Fracture of the Distal Tibia with Severe Bone and Soft Tissue Loss: A Case Report. Injury 2018,
49, 558-562. [CrossRef]

Parvizi, J.; Tan, T.L.; Goswami, K.; Higuera, C.; Della Valle, C.; Chen, A.F.; Shohat, N. The 2018 Definition of Periprosthetic Hip
and Knee Infection: An Evidence-Based and Validated Criteria. J. Arthroplast. 2018, 33, 1309-1314.e2. [CrossRef]

Spinarelli, A.; Bizzoca, D.; Moretti, L.; Vicenti, G.; Garofalo, R.; Moretti, B. The Autoclaving and Re-Implantation of an Infected
Prosthesis as a Spacer during Resection Knee Arthroplasty: A Systematic Review. Musculoskelet. Surg. 2022, 106, 111-125.
[CrossRef] [PubMed]

Ganz, T;; Selsted, M.E.; Szklarek, D.; Harwig, S.S.; Daher, K.; Bainton, D.F; Lehrer, R.I. Defensins. Natural Peptide Antibiotics of
Human Neutrophils. J. Clin. Investig. 1985, 76, 1427-1435. [CrossRef] [PubMed]

Chisari, E.; Yacovelli, S.; Goswami, K.; Shohat, N.; Woloszyn, P.; Parvizi, ]. Leukocyte Esterase Versus ICM 2018 Criteria in the
Diagnosis of Periprosthetic Joint Infection. J. Arthroplast. 2021, 36, 2942-2945.e1. [CrossRef] [PubMed]

Ahmad, S.S.; Hirschmann, M.T.; Becker, R.; Shaker, A.; Ateschrang, A.; Keel, M.].B.; Albers, C.E.; Buetikofer, L.; Maqungo, S.;
Stockle, U.; et al. A Meta-Analysis of Synovial Biomarkers in Periprosthetic Joint Infection: SynovasureTM Is Less Effective than
the ELISA-Based Alpha-Defensin Test. Knee Surg. Sport. Traumatol. Arthrosc. 2018, 26, 3039-3047. [CrossRef] [PubMed]
Kwapisz, L.; Gregor, J.; Chande, N.; Yan, B.; Ponich, T.; Mosli, M. The Utility of Fecal Calprotectin in Predicting the Need for
Escalation of Therapy in Inflammatory Bowel Disease. Scand. . Gastroenterol. 2017, 52, 846-850. [CrossRef]

Vicenti, G.; Pesce, V.; Bizzoca, D.; Nappl, V.; Palmiotto, F.; Carrozzo, M.; Moretti, B. Perioperative Plasmatic Presepsin Levels in
Patients Undergoing Total Hip or Knee Replacement: A Preliminary Study. J. Biol. Regul. Homeost. Agents 2017, 31, 1081-1085.
Vicenti, G.; Solarino, G.; Bizzoca, D.; Caringella, N.; Nappi, V.S.; Moretti, L.; Belluati, A.; Moretti, B. The Limits and Potentials of
Presepsin in Orthopaedic Surgery: State of the Art and Future Directions. J. Biol. Regul. Homeost. Agents 2020, 34, 259-262.
Marazzi, M.G.; Randelli, F; Brioschi, M.; Drago, L.; Romano, C.L.; Banfi, G.; Massaccesi, L.; Crapanzano, C.; Morelli, F,;
Corsi Romanelli, M.M.; et al. Presepsin: A Potential Biomarker of PJI? A Comparative Analysis with Known and New Infection
Biomarkers. Int. J. Immunopathol. Pharmacol. 2018, 31, 039463201774935. [CrossRef]

Alonso Pérez, J.L.; Martin Pérez, S.; Turroni, S.; Marchese, L.; Villafafie, ]. H. Relationship between the Gut Microbiome and
Osteoarthritis Pain: Review of the Literature. Nutrients 2021, 13, 716. [CrossRef]

Sanchez-Romero, E.; Battaglino, A.; Campanella, W.; Turroni, S.; Bishop, M.; Villafafie, J.H. Impact on Blood Tests of Lower
Limb Joint Replacement for the Treatment of Osteoarthritis: Hip and Knee. In Topics in Geriatric Rehabilitation; Wolters Kluwer:
Alphen aan den Rijn, The Netherlands, 2021; Volume 37, pp. 227-229. [CrossRef]


http://doi.org/10.1186/ar4369
http://doi.org/10.1093/pm/pnz036
http://doi.org/10.3390/app11041895
http://doi.org/10.3390/ijerph19106194
http://doi.org/10.1016/j.jcot.2021.02.008
http://doi.org/10.1186/ar4107
http://doi.org/10.1186/ar3293
http://doi.org/10.1080/13684730050515796
http://doi.org/10.1007/s10238-013-0251-8
http://doi.org/10.26355/eurrev_201904_17473
http://doi.org/10.1016/j.injury.2019.09.024
http://doi.org/10.1016/j.injury.2018.11.039
http://doi.org/10.1016/j.arth.2018.02.078
http://doi.org/10.1007/s12306-021-00722-x
http://www.ncbi.nlm.nih.gov/pubmed/34322843
http://doi.org/10.1172/JCI112120
http://www.ncbi.nlm.nih.gov/pubmed/2997278
http://doi.org/10.1016/j.arth.2021.03.006
http://www.ncbi.nlm.nih.gov/pubmed/33812714
http://doi.org/10.1007/s00167-018-4904-8
http://www.ncbi.nlm.nih.gov/pubmed/29557491
http://doi.org/10.1080/00365521.2017.1315740
http://doi.org/10.1177/0394632017749356
http://doi.org/10.3390/nu13030716
http://doi.org/10.1097/TGR.0000000000000337

J. Funct. Morphol. Kinesiol. 2022, 7, 97 70f7

50. Yaegashi, Y.; Shirakawa, K.; Sato, N.; Suzuki, Y.; Kojika, M.; Imai, S.; Takahashi, G.; Miyata, M.; Furusako, S.; Endo, S. Evaluation
of a Newly Identified Soluble CD14 Subtype as a Marker for Sepsis. J. Infect. Chemother. 2005, 11, 234-238. [CrossRef]

51. Yu, B.Z; Li, R; Li, X;; Chai, W.; Zhou, Y.G.; Chen, J.Y. The Relationship of C-Reactive Protein/Interleukin-6 Concentrations
between Serum and Synovial Fluid in the Diagnosis of Periprosthetic Joint Infection. J. Orthop. Surg. Res. 2021, 16, 733. [CrossRef]

52.  Wouthuyzen-Bakker, M.; Ploegmakers, J.].W.; Kampinga, G.A.; Wagenmakers-Huizenga, L.; Jutte, P.C.; Muller Kobold, A.C.
Synovial Calprotectin: A Potential Biomarker to Exclude a Prosthetic Joint Infection. Bone Jt. J. 2017, 99-B, 660-665. [CrossRef]

53. Imagama, T.; Tokushige, A.; Seki, K.; Seki, T.; Nakashima, D.; Ogasa, H.; Sakai, T.; Taguchi, T. Early Diagnosis of Septic Arthritis
Using Synovial Fluid Presepsin: A Preliminary Study. J. Infect. Chemother. 2019, 25, 170-174. [CrossRef]


http://doi.org/10.1007/s10156-005-0400-4
http://doi.org/10.1186/s13018-021-02880-x
http://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0913.R2
http://doi.org/10.1016/j.jiac.2018.10.015

	Introduction 
	Synovial Fluid Proteome in Osteoarthritis 
	Conclusions 
	References

