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ABSTRACT

IntroducƟon: OsteoarthriƟs (OA) is a progressive, degen-
eraƟve disease that leads to joint pain, tenderness, sƟffness,
locking, effusion, reduced moƟon, swelling, crepitus, and
disability. The pain in OA is the most significant clinical fea-
ture and impacts funcƟon, mobility, quality of life, and the
reason for medical advice. Methods: FiŌy individuals with
primary knee OA in the age range of 45–90 years were cho-
sen at random for the research (N=50). The American Col-
lege of Rheumatology’s diagnosƟc criteria were employed
to diagnose osteoarthriƟs, and a visual analogue scale was
uƟlized to score the severity of pain. Knee OA was graded
using the Kellgren-Lawrence (K-L) radiographic assessment
method. The anƟoxidant levels of superoxide dismutase in
the synovial fluid were measured by using a spectrophoto-
metric assay. Results: Grades 1, 2, 3, and 4 have SOD acƟv-
ity values of 1.43±0.55, 1.44±0.72, 0.92±0.52, and 0.87
±0.52 U/ml, respecƟvely, in synovial fluid. Synovial fluid
SOD acƟvity was higher in grades 1 & 2 of KOA as compared
to grades 3 &4 and the difference was staƟsƟcally significant
(p<0.05). Conclusions: There was a link between K-L grade
and synovial anƟoxidant acƟvity level. In the late stages of
knee osteoarthriƟs, the anƟoxidant enzyme (SOD) acƟvity
was reduced.According to the results of this study, regular
anƟoxidant supplementaƟon to early osteoarthriƟs paƟents
may delay disease progression by improving the anƟoxidant
status of the knee, which neutralises free radicals and thus
prevents carƟlage damage.

KEYWORDS: AnƟoxidant, Knee osteoarthriƟs, OxidaƟve
stress, Superoxide dismutase, Synovial fluid.

INTRODUCTION

Primary knee osteoarthriƟs (KOA) is the most com-
mon degeneraƟve progressive mulƟfactorial joint disease,
which is characterized by persistent pain, sƟffness, effusion,
restricted mobility, oedema, crepitus, and funcƟonal impair-
ment and morbidity [1, 2]. Knee osteoarthriƟs is most com-
mon in the elderly and has a negaƟve impact on quality of
life [3]. It is a severe issue for both people and society [4].

OA is a mulƟfactorial and complicated disease. A
variety of geneƟc and environmental factors influence its
eƟology, which is connected to the acƟvaƟon of molecular
pathways that contribute to the progression of arƟcular
injury [5]. This condiƟon is caused by changes in both cells
and the extracellular matrix (ECM), which cause soŌening,
fibrillaƟon, ulceraƟon, loss of arƟcular carƟlage and synovial
inflammaƟon, as well as the formaƟon of osteophytes and
subchondral cysts. It is also caused by changes in the way
cells and the ECM work together. Previous studies have
found that oxidaƟve stress contributes to the development
and progression of OA [6, 7]. ROS, which can come from a
variety of sources, play an important role in the pathogenic
process. OxidaƟve stress ReacƟve oxygen species (ROS)
(nitric oxide, superoxide anion, hydrogen peroxide, and
hydroxy radical) are highly reacƟve chemical substances that
aƩack and destroy proteins, lipids, and nucleic acids. When
cells are damaged, chondrocytes’ structural and funcƟonal
properƟes can be changed, as well as their extracellular
matrix and Ɵssue damage. All of these things may play
a role in the development of OA [8–10]. OverproducƟon
of ROS and oxidaƟve stress in chondrocytes are two
significant contribuƟons to OA pathogenesis [11]. People
who have high levels of lipid peroxide as they get older
don’t keep their arƟcular carƟlage in good shape, which
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leads to OA [12].This anƟoxidant system includes superoxide
dismutase, catalase, glutathione peroxidase, glutathione,
NADPH, Ubiquinone oxidoreductase, paraoxonases, vitamin
C, E, and carotenoids [13, 14]. They react spontaneously and
scavenge a wide range of ROS, therefore maintaining an
intracellular redox environment [15]. However, as individuals
age, the anƟoxidant system becomes less efficient at
neutralizing lipid peroxidaƟve stress, and high levels of
lipid peroxide induce a breakdown of homeostasis in
the maintenance of healthy arƟcular carƟlage, leading to
pathologic arƟcular carƟlage degradaƟon in OA [16]. As
a result, in this work, we looked at possible changes in
the anƟoxidant enzyme acƟviƟes of SOD and calculated
their link to the grade (pain and severity) and duraƟon of
osteoarthriƟs. The study will also pave the way for more
research into this topic and help figure out how anƟoxidant
supplements can help peoplewith knee osteoarthriƟs lessen
the pain and severity of their symptoms.

METHDOLOGY

Study design: Hospital-based cross-secƟonal observa-
Ɵonal study

Ethics approval: The insƟtuƟonal ethics commiƩee
approved the study, and informed wriƩen consent was
obtained from all the paƟents.

Sample size: IniƟally, 60 paƟents who visited the
Orthopaedics outpaƟent and inpaƟent department during
the study period were enrolled in the study. Out of these
five paƟentswho refused to parƟcipate, twowere diagnosed
with rheumatoid arthriƟs. Two were excluded as they had
diabetes mellitus, and one paƟent was leŌ out as he had a
joint infecƟon.

Sampling method: ConsecuƟve sampling method was
used for sampling. Study period: One year

Inclusion criteria: This study comprised paƟents aged 45
years and older with acute osteoarthriƟs symptoms (knee
effusion), paƟents undergoing intra-arƟcular pharmacolog-
ical injecƟon therapy, paƟents undergoing knee replace-
ment, and arthroscopic lavage.

Exclusion criteria: PaƟents who have had previous
surgery on the same joint, as well as those who have
inflammatory joint disease, PaƟents who are using steroids
or other long-term drugs, who have experienced pain as a
result of a traumaƟc eventOther systemic disorders thatmay
produce elevatedoxidaƟve stress, such as serious liver, renal,
or heart disease.

METHODOLOGY:

Each paƟent is thoroughly evaluated, including demo-
graphic informaƟon, illness duraƟon, and a visual analogue
scale assessment of pain severity (0-10). The American Col-
lege of Rheumatology (ACR) criteria were uƟlized to diag-
nose knee OA.

The K-L grading system was used to grade knee joint
radiographs [17]. To invesƟgate probable links between poor
anƟoxidant acƟvity and disease development, knee grading
was associated with anƟoxidant level parameters (synovial
fluid SOD acƟvity).

Synovial fluid sample collecƟon: Synovial fluid samples
were collected in the OPD from those paƟents’ effused
knees. AŌer aspiraƟng the fluid and withdrawing the needle
from the joint, the needle was removed, and an end cap was
put on the Ɵp of the syringe. The synovial fluid sample was
taken in a vacutainerwithout anƟcoagulant to determine the
amount of SOD acƟvity.

SOD levels esƟmaƟon: To remove cells and parƟcle
debris, the synovial fluid sample was immediately put on
ice and centrifuged at 3000 g for 30 minutes at 4◦C. Before
analysis, the supernatant was separated and stored at -70◦C
for up to 4 weeks. A spectrophotometric test based on
SOD acƟvity was performed using the technique proposed
by Marklund and Marklund (1994) [18].

Unit definiƟon: One unit of SOD is defined as the quanƟty
of enzyme necessary to block pyrogallol auto-oxidaƟon by
50% in 3ml of test mixture. Normal serum SOD level = 1.95-
4.60 unit/ml.

StaƟsƟcal analysis: SPSS20 was used to analyze all the
data. The gathered data was examined for staƟsƟcal
significance using Pearson’s correlaƟon coefficient and an
ANOVA test to analyze group variance in K-L groups.

RESULTS

FiŌy study subjects were divided into four groups of
primary knee Osteoarthrosis (KOA) based on Kellgren-
Lawrence. Mean age, SOD, VAS score, and disease
duraƟon were all increased with increasing K-L grading of
osteoarthriƟs Table 1. The mean SOD concentraƟon (µM/L)
was rising with K-L grading and K-L. Figure 1 and Figure 2 .

A one-way ANOVA was performed on parƟcipants with
knee osteoarthriƟs to determine the amount of anƟoxidant
superdioxide dismutase acƟvity in relaƟon to the severity of
osteoarthriƟs in grade 1 (dubious), grade 2 (mild), grade 3
(moderate), and grade 4 (severe). According to a one-way
ANOVA, the mean of SOD acƟvity levels was uneven, F (3,
46) =3.784, p<0.03.

Those in grades 3 and 4 reported substanƟally (p<0.03)
lower SOD acƟvity levels than subjects in grades 1 and 2.
(Mean SOD = 1.17). Pairwise comparisons of means using
Tukey’s honestly significant difference procedure revealed
that grades 3 (Mean SOD 0.93) and 4 (Mean SOD 0.87) had
significant comparisons: subjects in grades 3 and 4 reported
that their SOD acƟvity levels were significantly (p0.05) lower
than subjects in grades 1 (SOD acƟvity is 1.43), and 2 (SOD
acƟvity 1.43). (Mean SOD values is 1.44.) The difference
between grades 1 and 2, as well as grades 3 and 4, was
not significant (p = 0.958 and p = 0.813, respecƟvely). The
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variaƟons in SOD acƟvity mean levels across groups were
staƟsƟcally significant (F = 3.78, P = 0.017). Post hoc tests by
Tukey found that SOD levels in grades 3 and 4 osteoarthriƟs
were significantly lower than in grades 1 and 2.

Figure 1: Spearman’s RHO correlaƟon of duraƟon of
disease, K-L grading with synovial fluid SOD acƟvity

Non-parametric Spearman’s rank-order correlaƟon was
used to determine the relaƟonship. SOD acƟvity was
correlated with K-L grading (rs -0.415, p.003) and illness
duraƟon (rs -0.351, p.002) but notwith VAS score (rs-0.246, p
=.085).Table 2At 0.05, the correlaƟon is significant (2- tailed).

CorrelaƟon of synovial
fluid SOD acƟvity

Spearman’s corre-
laƟon coefficient
’r.’

P-value

K-L grading -0.415* 0.003

VAS score -0.246* 0.085

DuraƟon of disease -0.351* 0.012

Table 2: Spearman’s RHO correlaƟon of K-L grading, VAS
score, duraƟon of disease with synovial fluid SOD acƟvity
concentraƟon

DISCUSSION

The K-L grading system was developed to categorize
individuals with KOA based on their radiological severity. To
our knowledge, no prior work has employed synovial fluid
from an OA knee to do subgroup analysis of anƟoxidant
acƟvity (SOD) at different degrees of severity of knee
osteoarthriƟs.

Primary KOA is a chronic disorder that disrupts carƟlage
metabolism, causing carƟlage degeneraƟon and, as a result,
knee damage. ROS may be seen in the breakdown of
arƟcular carƟlage and joint damage caused by superoxide
anions. These people typically have much higher oxidant
levels in their synovial fluid [18, 19].

EsƟmates of synovial fluid superoxide dismutase were
used to determine an individual’s total anƟoxidant status.
SOD acƟvity increased in grades 1 and 2 but dropped in
grades 3 and 4 (grade 1 =1.430.55, grade 2 =1.440.72, grade

Figure 2: Mean plot of grading of Knee osteoarthriƟs
groups and SOD acƟvity

3=0.920.52, grade 4 = 0.870.52 & overall mean = 1.170.6,
F =3.79, p.016). SOD acƟvity was increased in early KOA
(grades 1 and 2) to minimize oxidaƟve stress. Early OA may
be able to boost or sustain SOD secreƟon. SOD is the most
important ROS scavenger in extracellular spaces and synovial
fluids. In the late stage, SOD levels are lowered. Late-
stage OA joints appear to fail to minimize oxidaƟve stress
due to anƟoxidant depleƟon in later stages. The current
study’s findings are consistent with prior research by E. A.
Regan, M.D. et al. [20], who found a substanƟal increase
in SOD acƟvity in the synovial fluid of injured/painful knee
(early acute osteoarthriƟs) paƟents but a reducƟon in late
osteoarthriƟs paƟents.Tercic and Bozic [21] discovered that
high levels of ROS in SF can sƟmulate SOD acƟvity locally,
protecƟng arƟcular carƟlage from the damaging effects
of ROS [22]. Shweta et al [23] observed that serum SOD
levels were greater in rheumatoid arthriƟs and osteoarthriƟs
paƟents (2450 40.1 and 2377 38.5 units/ml), respecƟvely
than in controls (2166 145, P 0.001). According to Recklies
et al. [24], SOD is the first line of defense against ROS
because it catalyzes the dismutaƟon of the superoxide anion
into hydrogen peroxide. Indranil et al. [25] discovered a
substanƟal increase in SOD acƟvity in individuals with knee
joint osteoarthriƟs versus controls. The connecƟon between
synovial SOD and K-L grading was shown to be posiƟve. It is
likely that the discrepancy in anƟoxidant status between our
study and other invesƟgators’ invesƟgaƟons is aƩributable
to variaƟons in illness stage. Acute inflammaƟon may
up-regulate anƟoxidant defenses, but chronic joint illness
may deplete them. The negaƟve connecƟon between
SF anƟoxidant-enzyme acƟvity and the duraƟon of KOA
may imply that as the illness progresses, the inducƟon of
anƟoxidant enzymes and, subsequently, their acƟviƟes in SF
diminish.

The current study addiƟonally looked at the Spearman’s
”rho” associaƟon between anƟoxidant (SOD) levels in KOA
paƟents and pain severity (VAS Score). Synovial SOD acƟvity
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Grading of OsteoarthriƟs Case (n) Age (years) SOD (U/mL) Vas score DuraƟon of disease
(years)

Grade 1 (Dublous) 12 49.09 1.43 4.83 1.5

Grade 2 (Mild) 13 50.19 1.44 6.38 2.25

Grade 3 (Moderate) 15 63.3 0.92 7.21 5.67

Grade 4 (Severe) 10 69.27 0.87 8 7.1

Total 50 57.57 1.17 6.6 4.07

Table 1: Mean value of age, SOD, VAS score & duraƟon of disease according to K-L grading

(table No. 2, fig. 3) showed a non-significant inverse
relaƟonship with VAS score (r = -0.246, p =.085) and a
significant inverse relaƟonship with illness duraƟon (r = -
0.351, p = 0.012)(Table No. 2fig 2).

Exogenous anƟoxidant supplementaƟon can aid in the
reducƟon of oxidaƟve stress, which is a criƟcal element in
the eƟology of OA. OA and other age-related illnesses may
be able to be kept at bay by taking anƟoxidants in the early
stages of the disease or as people get older. This study shows
that this could be a good idea.

In the early stages of osteoarthriƟs, anƟoxidant treatment
may assist in decreasing the disease’s development.It will be
easier to understand how to use synovial fluid SOD acƟvity
levels as an early sign of oxidaƟve stress in the knee joint
rather than blood tests.

CONCLUSION

The current study demonstrated the importance of
redox species and their imbalance, which can cause oxida-
Ɵve stress and parƟcular illnesses. Early stages of knee
osteoarthriƟs were associated with increased synovial fluid
SOD acƟvity, indicaƟng a possible response to increasing
ROS in the synovial fluid. However, the anƟoxidant enzyme
(SOD) acƟvity was reduced in the advance stages of knee
osteoarthriƟs.

Clinical uƟlity:AnƟoxidant supplements and a diet high
in anƟoxidants may delay the early onset of osteoarthri-
Ɵs.This may help to delay the progression of the condiƟon by
increasing the anƟoxidant status and aiding in the neutraliza-
Ɵon of free radical formaƟon and the prevenƟon of carƟlage
degradaƟon.

LimitaƟons: As a result, we can offer a simple and
cost-effecƟve technique for prevenƟng and treaƟng primary
knee osteoarthriƟs. However, more randomized, placebo-
controlled studies are necessary to demonstrate it.The
limited sample size and absence of synovial fluid samples
from healthy controls were significant limitaƟons of our
study. Further prospecƟve studies with larger sample sizes
on random samples from several centers are required to
validate our results.
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