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Abstract 

Objectives: In this study, the Kellgren and Lawrence system was used as the most common radiographic 
grading system for diagnosis of osteoarthritis in patients defined as Grade III and IV. It is aimed to 
reveal oxidative stress and cellular immunity status. In this context, the aim is t o discuss possible risk 
parameters regarding disease process and treatment effectiveness.  

Methods: Twenty-five patients and 25 healthy individuals were included in the study. Total antioxidant, total 
oxidative stress, and thiol-disulfide balance values were determined spectrophotometrically in blood samples taken 
from individuals in the study groups. Neopterin levels were determined by the HPLC method. 

Results: In our study, total antioxidant status (TAS) values were found to be lower in the healthy control group than 
in the patient group (p=0.000). There was no statistically significant difference between the groups in total oxidant 
status (TOS) (p=0.815). The oxidative stress index (OSI) value evaluated based on TAS and TOS values did not 
show a statistical difference between the groups (p=0.065). The native thiol levels were determined to be statistically 
significantly lower in the patient group (p=0.000). But, disulfide and neopterin values were statistically significantly 
higher in the patient group (p=0.001 and p=0.000).  

Conclusion: According to the findings of the current study; It is observed that the oxidant balance of individuals 
with osteoarthritis is disrupted in favor of free radicals, and as a result, cellular immunity decreases due to 
inflammation and the disease process. It is observed that these parameters change in direct proportion to the staging 
of the disease, especially in patients with stage III-IV knee osteoarthritis. 

        Level of evidence: III 

        Keywords: Cellular immunity, Osteoarthritis, Oxidative stress 

 
 

Introduction

steoarthritis (OA) is a degenerative disease defined 
via damage to joint cartilage, erosion, deterioration 
of cartilage structure, osteophytes, subchondral 

sclerosis, and adverse biochemical/morphological changes 
in the synovial and joint capsule.1,2 It is seen most often in 
the knee, hip, foot, spine, and hand joints.3 Hip and knee 
osteoarthritis are the main forms of arthritis with an 
overall prevalence of approximately 300 million 
worldwide in recent years.4,5 Knee osteoarthritis is the 
most common arthritis lesion in orthopaedics practice, 
accounting for 85% of osteoarthritis worldwide.6,7 
Osteoarthritis is more common in females than males and 

has an increasing incidence with age, being more common 
in individuals over 50 years of age.7 According to the 
Turkish Statistical Institute (TUIK) 2022 Turkey Health 
Research Report, the prevalence of arthrosis, which 
includes osteoarthritis, was determined as 4.9% in males 
and 11.1% in females, with 8% overall prevalence.8 
Osteoarthritis affects the articular cartilage and the 
subchondral bone, adjacent connective tissue, and synovial 
membrane. The chondrocyte cells that make up the 
structure of cartilage are immobile and cannot self-renew. 
Therefore, chondrocyte death is a major factor in the 
pathogenesis of osteoarthritis.9 Although pain is the most 
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prominent symptom in patients with OA, it is accompanied 
by symptoms such as limitation of movement, stiffness, 
swelling, locking, numbness, etc.6,10 In the American 
College of Rheumatology (ACR) diagnostic criteria, 
updated in 2016, there are three categories for the 
diagnosis of knee osteoarthritis: clinical, 
clinical/radiological, and clinical/laboratory. According to 
the clinical symptoms, knee osteoarthritis is diagnosed in 
the presence of at least three of the six parameters of age 
over 50 years, short-term morning stiffness, crepitation in 
joint movements, bone tenderness, bone enlargement, and 
non-obvious temperature increase in the joint.11Although 
the cause of the emergence and development of knee 
osteoarthritis is not known exactly, it is thought to be 
affected by many factors, including systemic, local, and 
genetic factors, and is thought to be caused by a 
multifactorial combination.7,12   

Osteoarthritis is linked to multiple risk factors such as age, 
obesity, variable mechanics, and joint trauma.13,14 The 
identification of biomarkers associated with OA may reveal 
the etiology and pathogenesis of the disease. Biochemical 
analysis of degenerative cartilage in patients with OA has 
shown an association with the down-regulation of SOD2 in 
the genesis and development of osteoarthritis. This 
suggests that SOD2-centered redox reactions play a 
significant role in the pathogenesis of knee 
osteoarthritis.15,16  

Redox is a process that can promote physiological 
signalling reactions as well as lead to pathophysiological 
conditions. Oxidative stress refers to a state of imbalance 
that reduces the body's natural antioxidant defenses and 
leads to the production of more reactive oxygen species 
(ROS).17 High oxidative stress may increase the 
inflammatory response observed in patients with low 
antioxidant capacity.18,19 The inflammatory process of 
osteoarthritis begins in the synovial membrane with the 
activation of humoral and cellular immune. Damage-
associated molecular patterns (DAMPs) released from the 
extracellular matrix into the joint space stimulate the 
production of inflammatory mediators produced by 
macrophages.20-22 in osteoarthritis patients, ROS 
production is associated with the oxidation and damage 
development of numerous joint components.20 Neutrophils, 
one of the immune cells, are widely present in inflammatory 
synovial fluid and can induce the production of mediators, 
which are highly involved in cartilage damage. In addition, 
ROS generated by neutrophils stimulate the production of 
proteolytic enzymes, one of the main actors in cartilage 
destruction.23 Monocytes are involved in osteoarthritis as 
they can stimulate subchondral bone and synovium 
through their ability to produce cytokines and chemokines. 
Similarly, macrophages are another immune cell that affects 
the course of osteoarthritis. With both proinflammatory 
and anti-inflammatory activity, macrophages can inhibit 
chondrocyte apoptosis.24–26 

  In our study, the most commonly used radiographic 
grading system for the diagnosis of osteoarthritis was the 
Kellgren and Lawrence system, in patients defined as 
Grades III and IV. It is aimed to reveal oxidative stress and 
cellular immunity status. In this context, the aim is to 
discuss possible risk parameters regarding disease process 
and treatment effectiveness. 

Materials and Methods 
Study Population 

The number of samples was determined in line with G-
power analysis, in our study.23-25  According to the power 
analysis performed to calculate the sample size required, 25 
patients and 25 healthy individuals, were included in the 
study )Effect size d = 0.94, α err prob = 0.05, Power )1-β err 
prob) = 0.95). The patients included were those with stage 
III and IV knee OA diagnosed according to the Kellgren-
Lawrence system (Grades III and IV) and diagnosed with 
primary knee osteoarthritis according to the American 
College of Rheumatology (ACR) criteria who presented at 
the Department of Orthopedics and Traumatology of 
Gülhane Training and Research Hospital between 
November and December 2023. Patients were excluded 
from the study if they had a history of physical therapy, 
pregnancy, knee surgery and prosthesis use, cancer, mental 
illness, received an intra-articular injection (steroid, 
hyaluronic acid, PRP) in the last 6 months, cognitive 
impairment, using immunosuppressive drugs, and obesity 
were aged <18 years of age. None of the patients smoked or 
drank alcohol.27  

Blood Samples 
The blood samples used in the study were serum samples 

taken for routine diagnosis and leftover serum samples from 
the triggers when the patients presented at the hospital for 
diagnosis and treatment. Approximately 10 mL of blood 
from the inner forearm (normal blood collection site) was 
withdrawn into an anticoagulant-free tube. The samples 
were centrifuged at 4000 g, and the resulting supernatant 
plasma was separated into centrifuge tubes using a 
micropipette. These were stored at - 80 °C until the study 
was performed.  

Measurement of Cellular Immunity Marker 
Neopterin values in the serum of subjects were 

determined using the HPLC (High-Performance Liquid 
Chromatography) method used by Avci et al. 2014.28   

Measurement of Total Antioxidant Status (TAS) and Total 
Oxidant Status (TOS) 

Serum TAS and TOS levels were determined with the 
colorimetric measurement methods of Erel et al. (2004 
and 2005).29The TAS data were reported as micromole 
Trolox equivalents per liter (mmol Trolox Eq/L). The TOS 
assay was calibrated with hydrogen peroxide and the 
results were reported as mmol H2O2 Eq/L.30 

Determination of Oxidative Stress Index (OSI) 
  The OSI ratio is a biomarker of the oxidative stress degree. 
The OSI data was calculated using the following formula:  
  

Determination of Thiol / Disulfide Balance 
  Thiol-disulfide homeostasis level as native thiol (NTL), total 
thiol (TTL), and disulfide was measured by the automated 
spectrophotometric method described by Erel and 
Neselıoglu )2014).30  

Statistical Analysis 
  The data were examined using IBM SPSS 20 software. The 
values are given as mean and standard deviation values in 
the table. The conformity of the data to normal distribution 
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was examined with Shapiro-Wilk and Kolmogorov-Smirnov 
tests. Data that conformed to normal distribution were 
evaluated with the parametric-ANOVA test, and data not 
showing normal distribution with the non-parametric-
Mann-Whitney U test. A value of p<0.05 was accepted as the 
level of statistical significance. 

Results 
  TAS values were found to be lower in the healthy control 
group than in the patient group (p=0.000). There was no 
statistically significant difference between the groups in TOS 
values (p=0.815). The OSI value evaluated based on TAS and 
TOS values did not show a statistical difference between the 
groups (p = 0.065) [Table 1, Figure 1].  

 
 
 
 

 

 
 
 
 
 
 
         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. TAS, TOS and OSI values in both groups 

 
 
In thiol studies, native thiol levels (NTL) were 

determined to be statistically significantly lower in the 
patient group (p = 0.000). The total thiol (TTL) value was 
found to be high in the control group and a statistically 
significant decrease was observed in the patient group 
(p=0.000). The disulfide value was statistically 
significantly higher in the patient group (p = 0.001) [Table 
1, Figure 2]. While neopterin values were low in the 
control group (4.65±2.0), they were statistically 
significantly higher in the patient group (8.75±3.28) (p = 
0.000) [Table 1, Figure 3]. 

Discussion 
  Osteoarthritis is a degenerative joint disease characterized 

by damage to articular cartilage, erosion, deterioration of 
cartilage structure, osteophytes, subchondral sclerosis, and 
biochemical/morphological changes in the synovial and joint 
capsule.1,2 When studies on oxidative stress and antioxidant 
status in osteoarthritis patients are examined, it is 
noteworthy that the studies are mostly in a compilation style 
and contain general information. In addition, there is limited 
information in the literature showing the relationship 
between oxidative stress and antioxidant status, especially in 
knee osteoarthritis. This study aimed to reveal the balance of 
TAS, TOS, thiol, and disulfide in patients with knee 
osteoarthritis. Concentrations of all parameters except TOS 
were significantly different in patients compared to healthy 

Table 1. Oxidative Stress and Cellular Immunity in Individuals with Knee Osteoarthritis and Healthy Control Subjects 

Parameters Control (n=25) Patients (n=25) p 

TAS )mmol/L) 1.84±0.14* 2.20±0.18* .000*** 

TOS )µmol/L) 12.35±5.30 12.63±2.67 .815** 

OSI 0.67±0.28 0.57±0.12 .065** 

TTL )µmol/L) 577.5±78.6* 400.4±162.3* .000*** 

NTL )µmol/L) 515.81±88.89 259.6±124.7 .000*** 

Disulfide 29.09±7.03* 70.40±43.59* .001*** 

Neopterin )µmol/L) 4.65±2.0 8.75±3.28 .000*** 

*p>0.05, Parameters do not follow normal distribution according to Shapiro-Wilk test and Kolmogorov-Smirnov test (in intra-group distribution) 
** p>0.05 No statistically significant difference was observed between groups 
***A statistically significant difference was observed between groups (p<0.05) 
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controls, indicating that oxidative stress plays a role in the 
pathogenesis of OA. In previous studies, when oxidative 
stress parameters were examined in OA patients, an increase 
in the NO level, especially in the synovial fluid, was 
reported.9,10 Kariminezhad et al. (2024) showed an increase 
in oxidant levels and a decrease in antioxidant values in 
patients with knee osteoarthritis.31 In studies conducted by 
Ertürk et al. (2012) and Altay et al. (2015) using the same 
method, serum TAS and TOS measurements in knee 
osteoarthritis patients showed that oxidative parameters 
were higher than those of the control group, while 
antioxidative parameters did not changes.32,33 Gundogdu et 
al. (2024) reported that TOS and OSI levels were significantly 
higher and TAS values were significantly lower in patients 
with knee osteoarthritis.34 Although not completely in 
parallel with the literature, the TAS levels in the current 
study were significantly higher in patients with knee 
osteoarthritis, while no statistically significant difference 
was observed in TOS and OSI values. Thiols are one of the 
important antioxidants in the body that are sensitive to 
oxidative stress and organic compounds containing 
sulfhydryl (-SH) groups.35 ROS can transfer their excess 
electrons to thiol-containing compounds and cause the 
sulfhydryl groups contained in thiol molecules to form 
disulfide bonds. The bonds formed can undergo oxidation, so 

thiol-disulfide equilibrium has a dynamic structure. This is 
important in the regulation of antioxidant protection, 
detoxification mechanisms, syncyl transmission, apoptosis, 
and cellular signaling mechanisms.36 Devrimsel et al. (2021) 
showed that disulfide/natural thiol, disulfide, and 
disulfide/total thiol ratios were higher in patients with knee 
osteoarthritis compared to the control group.37 Ozler et al. 
(2022) showed a correlation between decreased native and 
total thiol levels and OA progression, suggesting that 
thiol/disulfide homeostasis can be used as a potentially 
useful marker for the diagnosis of early and advanced OA.38 
Kariminezhad et al.(2024) reported that oxidant parameters 
increased while antioxidant parameters decreased in 
patients with osteoarthritis, indicating a relationship 
between knee osteoarthritis and oxidative stress.31 
Consistent with the literature, a significant decrease was 
determined in thiol and non-thiol groups and a significant 
increase in disulfide levels in the current study. Considering 
the pathogenesis of the disease, cartilage damage increases 
in tissue exposed to oxidative stress more than in normal 
physiological conditions. To cope with oxidative stress, 
antioxidant mechanisms should be activated, and 
antioxidant molecules should be increased. This flowchart of 
the disease is consistent with the results of this study.

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Neopterin is a biomarker produced by monocytes and 

macrophages in response to interferon-gamma released 
from T lymphocytes at the site of inflammation. 
Therefore, it is a molecule that can be directly associated 
with cellular immunity. In clinical practice, plasma, and 
urine neopterin concentrations are usually measured to 
assess the level of inflammation.39 in the present study, 
serum neopterin values were seen to be significantly 
higher in the patient group compared to the control 
group, suggesting that serum neopterin levels may 

provide valuable information about the patient's 
inflammation status. The data obtained in this study differ 
from the results of some studies in the literature. 
Studentova et al. (2024)found that synovial fluid 
neopterin levels were lower in patients with 
osteoarthritis.40 

  The limitation of our study is that the small sample size 
used may limit our ability to generalize the results to 
patients with osteoarthritis. 

Figure 2. TTL, NTL and disulfide in both groups Figure 3. Neopterin concentration in both groups 
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Conclusion 
According to the findings of the current study; it is 

observed that the oxidant balance of individuals with 
osteoarthritis is disrupted in favor of free radicals, and as a 
result, cellular immunity decreases due to inflammation 
and the disease process. It is observed that these 
parameters change in direct proportion to the staging of 
the disease, especially in patients with stage III-IV knee 
osteoarthritis. However, it should be taken into 
consideration that the data obtained cannot be generalized 
to all osteoarthritis cases. 
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