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Background: Knee osteoarthritis (OA) ranks among the top causes of pain and disability globally, with intra-
articular hyaluronic acid (HA) and corticosteroids (CS) frequently employed for symptom relief. HA
enhances joint lubrication and has anti-inflammatory properties, while CS provides rapid pain relief through
inflammation suppression. This study evaluates the effectiveness of HA and CS injections in patients with
Grade II and III knee OA.

Methods: A cross-sectional study was carried out involving 60 patients with Grade II or III knee OA (ages 40-
60). The subjects were randomised to receive either intra-articular CS (40 mg triamcinolone acetonide with
2% lignocaine) or HA (6 ml, 48 mg sodium hyaluronate). At baseline, two weeks, six weeks, and three months
after treatment, a numerical rating scale (NRS) and the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) were used to measure pain and functional outcomes, respectively. The
unpaired t-test and repeated measures ANOVA were among the statistical analyses used.

Results: HA and CS groups significantly improved NRS and WOMAC scores over time (p = 0.001). However,
the HA group exhibited superior pain reduction and functional improvement from six weeks onward. At
three months, the median NRS score was significantly lower in the HA group (2 (IQR 1-2)) compared to the
CS group (3 (IQR 3-4), p = 0.001). Similarly, the HA group's WOMAC score was significantly better (53.4 =
9.91vs. 64.2+6.8, p=0.001).

Conclusion: While both HA and CS injections effectively reduce pain and improve functionality of the knee
joint, HA provides sustained pain relief and functional improvement beyond the short-term effects of CS.
These findings support the use of HA as a preferred option for managing mild-to-moderate knee OA.

Categories: Pain Management, Orthopedics
Keywords: corticosteroids, functional improvement, hyaluronic acid, intra-articular injection, knee osteoarthritis,
pain management

Introduction

Osteoarthritis (OA) is the primary cause of knee pain and the predominant reason for disability globally [1].
OA is a long-term, progressive joint disease characterised by secondary hyperosteogeny and articular
cartilage degradation. This condition causes significant knee joint pain and affects 35% of adults over 65 [2].
The quality of life of the patient with OA is directly affected, in addition to the physical and/or mental
comorbidity, stiffness, decreased mobility, and chronic pain. Owing to its incredible complexity and the
interaction of many biological factors, including ageing, sex hormone deficiency, and genetic alterations, OA
is not well understood [3]. Recent research has concentrated on molecular indicators connected to stress-
induced chondrocyte senescence. OA is caused by several mechanical and metabolic processes that break
down cartilage. Most knee OA research has focused on tertiary management options, like pain reduction
with efficient medication therapies (NSAIDs, chondroitin supplements, etc.). Although long-term use of
NSAIDs has been associated with potentially dangerous side effects, they do help treat OA pain [4]. In
addition, their customized response varies greatly due to pharmacogenomics associations. There is no
known cure for OA except for knee joint replacement, which is typically reserved for end-stage cases.

In cartilage and synovial fluid, HA is a widely distributed, high molecular weight material. It serves a number
of purposes in the joint, such as lubricating, filling in gaps to maintain joint mobility, and controlling
cellular processes like protein binding [5]. The endogenous HA in the joint breaks down from a high
molecular weight (6500-10,900 kDa) to a lower molecular weight (2700-4500 kDa) as OA worsens [6]. As a
result, the affected joint's synovial fluid has less mechanical and viscoelastic qualities. It has been
demonstrated that intra-articular HA injections enhance synovial fluid viscosity and joint lubrication,
restore hyaluronan synthesis, prevent proteoglycan degradation, and provide analgesic and anti-
inflammatory benefits when treating OA. [6] Intra-articular corticosteroids exert anti-inflammatory effects
by blocking the production of inflammatory cytokines. However, their duration of effect is significantly
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shorter than the recommended interval between administration doses [7]. Thus, while the short-term effects
are satisfactory, additional research is required to determine the long-term effects. This study evaluates the
effectiveness of intra-articular hyaluronic acid (HA) versus intra-articular corticosteroid (CS) injections in
patients with Grade II and Grade III knee OA, as classified by the Kellgren-Lawrence system.

Materials And Methods

A prospective study was conducted at Sri Devaraj Urs Academy of Higher Education, a tertiary care hospital
and medical college in Kolar, India between June 2024 and December 2024, involving 60 patients diagnosed
with symptomatic primary OA of the unilateral or bilateral knee joint, characterized by pain lasting more
than three months and not responding to oral medications and physiotherapy. Eligible participants were
between 40 and 60 years of age, of either gender, with radiologically confirmed Kellgren and Lawrence
Grade II or III OA. Patients with secondary pathological conditions such as rheumatoid arthritis or
pseudogout, prior history of knee arthroplasty, previous intra-articular injections in the knee, bleeding
disorders, local skin infection or pathology, or immunosuppression were excluded from the study. Patients
were selected using simple random sampling. Each day, a list of eligible patients fulfilling the criteria was
prepared, and a unique number was assigned to each individual. Patients were then randomly selected using
a random number table or computer-generated randomization. This ensured each eligible patient had an
equal and independent chance of inclusion, reducing selection bias and enhancing representativeness.
Recruitment continued daily until the desired sample size of 60 patients was achieved.

After obtaining informed consent, baseline demographic and clinical data were collected. Patients were then
randomly allocated into two groups: (1) Group A (HA group) received 6 ml (48 mg) of high molecular weight
sodium hyaluronate intra-articularly; (2) Group B (CS group) received 1 ml (40 mg) of triamcinolone
acetonide combined with 1 ml of 2% lignocaine intra-articularly.

All injections were administered under strict aseptic precautions using the no-touch needle technique via
the anterolateral portal, with the patient in a supine position and the knee flexed to 90 degrees. Synovial
fluid was aspirated before injection to confirm intra-articular placement. All procedures were performed by
the unit's chief orthopedic consultant to minimize operator variability.

Outcome measures included pain and functional assessment using the Numerical Rating Scale (NRS) and the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). These assessments were
conducted at baseline, two weeks, six weeks, and six months after the procedure. Follow-up evaluations were
carried out by the primary investigator to maintain consistency.

Ethics statement

Ethical clearance was received from the Institutional Ethical Committee of Sri Devaraj Urs Medical College
(approval number SDUAHER/KLR/R &D/CEC/S/PG/128/2024-25 to conduct the research.

Sample size

The sample size for the current research was based on a study by Davelillo et al. (2022) [8] where 200 patients
were randomized into two groups, each receiving either intra-articular hyaluronic acid (HA) or bone marrow
aspirate (BM). Functional improvement was assessed using the WOMAC (Western Ontario and McMaster
Universities Osteoarthritis Index) score. At the 12-month follow-up, the HA group demonstrated a 47.95%
improvement in WOMAC scores, significantly higher than the 13.2% improvement observed in the BM group

[8].

With the above study as a reference, the current study employed a two-sided significance level (alpha) of
0.05, allowing for a 7% chance of a Type I error. It was designed with 80% power (beta = 0.2) to detect a
significant difference between groups if present. These parameters indicated a required sample size of 30
participants per group, totaling 60 subjects, for adequate statistical power.

Statistical analysis

Variables were analyzed using the Statistical Package for the Social Sciences (SPSS version 30, IBM Corp.,
Armonk, NY) software after the data were entered into a Microsoft Excel spreadsheet (Microsoft Corp.,
Redmond, WA). Standard deviation (SD) * mean was employed to represent continuous variables. A
unpaired Student's t-test was utilized for normally distributed variables to compare groups.

Results

The study enrolled 60 patients, split evenly into hyaluronic acid (HA) and corticosteroid (CS) groups (Table
). All patients had symptoms for more than three months, and no pre-procedure analgesia was given. Most
participants were aged 51-60 years (80% HA, 86.7% CS), with no significant age difference (p = 0.49, Table ).
Females predominated (76.7% HA, 56.7% CS; p = 0.11), and diabetes was the most common comorbidity
(76.7% HA, 66.7% CS; p = 0.66, Table 7). Baseline OA severity was similar, with Grade II OA in 83.3% of HA
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and 90% of CS patients (p = 0.45, Table 2). Initial pain levels, assessed by NRS, showed 93.3% of both groups
at a score of 5 (p = 1.00, Table 53).

Characteristic HA Group; n(%) TA Group; n(%) Chi-square test for trends value P-value

Age Group (years)

41-50 6 (20.0%) 4 (13.3%) 0.80 0.49
51-60 24 (80.0%) 26 (86.7%)

Gender
Female 23 (76.7%) 17 (56.7%) 27 0.11
Male 7 (23.3%) 13 (43.3%)

Comorbidities

DM 23 (76.7%) 20 (66.7%)
HTN/DM 3 (10.0%) 5(16.7%) 0.82 0.66
NIL 4 (13.3%) 5(16.7%)

TABLE 1: Patient demographics and comorbidities

Chi-square test for trends. P-value <0.05 is considered significant.

Grading of OA HA group; n (%) TA group; n (%) chi-square test p-value
Grade Il 25 (83.3%) 27 (90.0%)

0.57 0.45
Grade llI 5(16.7%) 3(10.0%)

TABLE 2: Grading of osteoarthritis

Chi-square test. p value <0.05 is considered as significant

HA: hyaluronic acid; TA triamcinolone acetonide

Baseline NRS Score HA group; n (%) TA group; n (%) chi square test value p-value
Score 5 28 (93.3%) 28 (93.3%) 0.00 1.00
Score 6 2 (6.7%) 2 (6.7%)

TABLE 3: Baseline NRS Score

Chi-square test, p-value <0.05 is considered as significant

HA: hyaluronic acid; TA triamcinolone acetonide; NRS: numerical rating scale

Pain scores improved significantly over time in both groups as per the Friedman test (HA: x? = 84.35; CS: x* =
76.95). However, the HA group consistently demonstrated lower median NRS scores at each follow-up point
compared to the CS group, with statistically significant differences observed at two weeks, six weeks, and
three months (p = 0.001 for all, Table 4), indicating superior efficacy of hyaluronic acid in reducing pain.
Functionally, baseline WOMAC scores were comparable (71.73 HA vs. 70.13 CS; p = 0.51, Table 5). At six
weeks, HA scores dropped to 58.4 vs. 65.7 for CS (p = 0.002, Table 5). By three months, HA reached 53.4 vs.
64.2 for CS (p = 0.001, Table 5). Repeated measures ANOVA showed significant functional gains in both
groups (p = 0.001, Table 5). Overall, HA provided superior pain relief and functional improvement
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throughout the study.

Time point HA group (median, IQR)
NRS baseline 5 (5-5)

NRS 2 weeks 3(3-4)

NRS 6 weeks 2.5 (2-3)

NRS 3 months 2(1-2)
Friedman Test 84.35

P value 0.001

TABLE 4: NRS Score over Time

Between-group comparisons were performed using the Mann-Whitney test, while within-group changes over time were assessed using the Friedman test.
A p-value <0.05 was considered statistically significant.

HA: hyaluronic acid; TA triamcinolone acetonide

TA group (median, IQR)
5 (5-5)

4 (4-4)

4 (3-4)

3(3-4)

76.95

0.001

Mann-Whitney test (f value)
450

198

112.5

73

p-value
1.00
0.001
0.001

0.001

Time point

Baseline

2 Weeks

6 Weeks

3rd Month

Repeated Measures ANOVA

P value

HA group (Mean * SD)

71.73 £ 10.57

64.67 £ 10.23

58.4 £10.2

53.4 +£9.91

154.76

0.001

TABLE 5: WOMAC Scores over Time

Between-group differences were analyzed using an independent t-test, while within-group changes were assessed using repeated measures ANOVA. A p-
value <0.05 was considered statistically significant.

HA: hyaluronic acid; TA triamcinolone acetonide

TA group (Mean * SD) Student t-test value
70.13+7.73 0.67

67.97£7.3 -1.43

65.7 £7.18 -3.2

64.2+6.8 -4.9

32.48 -

0.001 -

P value

0.51

0.16

0.002

0.001

Discussion

This prospective study compared the efficacy of intra-articular hyaluronic acid (HA) and corticosteroid (CS)

injections in patients with symptomatic knee OA. Both treatment groups were demographically similar in
terms of age, gender distribution, and comorbidities, ensuring a balanced comparison. Our findings

demonstrated that while both HA and CS led to significant improvements in pain and functional scores over

time, HA consistently outperformed CS at all follow-up points. Notably, patients receiving HA showed
greater reductions in pain (NRS) and functional limitations (WOMAC) at two weeks, six weeks, and three
months, with statistically significant differences between the groups. These results highlight the superior
and sustained therapeutic benefits of HA over CS for knee OA management.

To our knowledge, this is one of the few studies in our regional setting to directly compare HA and CS using

a structured follow-up and validated scoring tools. Furthermore, the use of simple random sampling,
standardized injection technique by a single senior consultant, and real-world patient profiles, including
diabetics, enhances the external validity of our findings. This study contributes to the growing body of

evidence suggesting that HA may be preferable for longer-term symptom control in knee OA, particularly in

populations with comorbidities where long-term steroid use may pose risks.

He and colleagues highlighted that the prevalence of knee OA increases significantly with age, especially

after the age of 50 [9]. Similarly, Delbarre et al. noted that 56% of their knee OA cohort was under 65 years,
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while Losina et al. estimated the median age of knee OA diagnosis at 55 years [10,11]. By focusing on this age
group, our study effectively captured the population most affected by knee OA, ensuring the relevance of
evaluating treatment effects in this demographic.

Regarding gender distribution, our study observed a female predominance in both groups, with 76.7% of
participants in the HA group and 56.7% in the CS group being women. This trend reflects the global higher
prevalence of OA in women. Delbarre et al. reported that 67% of their knee OA cohort was female, while
Swain et al. found that globally, women account for 60% of OA cases, with the difference becoming more
pronounced after 40 years [10-12]. The Osteoarthritis Action Alliance similarly reported that 62% of
individuals with OA are women [13]. Although the gender distribution in our HA group aligns with these
findings, the slightly lower percentage of females in the CS group may indicate population-specific
variations or random variability within the sample.

Our study revealed diabetes mellitus (DM) as the most common comorbidity, affecting 76.7% of participants
in the HA group and 66.7% in the CS group. This prevalence is notably higher than reported in other studies.
For example, Swain et al. identified depression, COPD, and hypertension as the most common comorbidities
in OA patients after age standardization [12]. The Osteoarthritis Action Alliance reported that 43% of adults
with arthritis have diabetes [13]. The high prevalence of DM in our study may reflect specific population
characteristics, such as a higher baseline prevalence of diabetes in the region, or selection criteria that
favored individuals with metabolic comorbidities.

Regarding the grading of OA, the majority of patients in our study had Grade II OA (83.3% in the HA group
and 90.0% in the CS group), with a smaller proportion having Grade IIT OA. There was no notable difference
between the groups (p = 0.45). Our grading system aligns with the widely used Kellgren-Lawrence (KL) scale,
which defines Grade II OA as "definite osteophytes and possible narrowing of joint space.” Kohn et al. noted
this scale as the most commonly employed system in OA research [14]. The predominance of Grade II OA in
our study is consistent with trends reported in other research, though some larger studies, such as that by
Chen et al., reported a more even distribution across KL grades [15]. The absence of Grade IV OA in our study
reflects the focus on mild-to-moderate cases, ensuring the applicability of intra-articular therapies for early-
stage disease.

At baseline, most patients in both groups (93.3%) had an NRS (numerical rating scale) score of 5, with a
small proportion having a score of 6. This uniformity ensured comparability between groups, as evidenced
by the non-significant p-value (p = 1.00). Compared to other studies, our baseline NRS scores are relatively
high. For instance, Bannuru et al. reported lower mean baseline NRS scores in their meta-analysis of OA
treatments [16]. Additionally, Bellamy et al. observed a wider range of baseline pain scores in their review of
OA clinical trials [17]. The high baseline scores in our study reflect a population with significant
symptomatic burden, which may influence the magnitude of observed treatment effects.

Both treatment groups experienced significant pain reduction over time, but the HA group demonstrated
superior outcomes at all follow-ups. At two weeks, the median NRS score in the HA group was 3 (IQR 3-4),
compared to 4 (IQR 4-4) in the CS group (p = 0.001). This difference became more pronounced at six weeks
and three months. These findings align with Bannuru et al., who reported greater efficacy of hyaluronic acid
beyond eight weeks compared to corticosteroids, and Wang et al., who observed significant pain reduction
with hyaluronic acid at three and six months [16, 18]. However, our results differ from those of Leopold et
al., who found no significant differences between treatments. Our study's consistent superiority of
hyaluronic acid suggests its potential for sustained pain management [19].

As measured by WOMAC scores, functional improvement also showed greater benefits in the Hylasto S
group. At six weeks, the mean WOMAC score in the HA group was 58.4 + 10.2, compared to 65.7 + 7.18 in the
CS group (p = 0.002). By three months, the HA group further improved to 53.4 + 9.91, compared to 64.2 = 6.8
in the CS group (p = 0.001). These findings align with studies such as Bellamy et al., who concluded that
hyaluronic acid is most effective between 5- and 13-weeks post-injection, and Wang et al., who observed
marked reductions in WOMAC scores with hyaluronic acid over six months [17,18]. In contrast, Leopold et al.
reported similar functional improvements for both treatments, suggesting that our study population may
have experienced unique benefits from hyaluronic acid [19].

Limitations

This study has a few limitations, including the absence of blinding, which introduces potential bias in
subjective outcome measures like NRS and WOMAC scores. The diagnosis of OA was made on a radiological
basis, and no inflammatory markers were used for the same. Being a single-center study, external validity is
restricted. Additionally, the lack of advanced imaging limits objective assessment of structural changes.

Conclusions

Our study indicates that hyaluronic acid and corticosteroids effectively reduced pain and improved the
functionality of the knee joint. However, hyaluronic acid offers significant pain relief and functional
improvement, particularly in the short term. The unique characteristics of our study population, such as a
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high prevalence of diabetes and consistent baseline pain scores, may have contributed to these findings.
These findings support the use of hyaluronic acid as the preferred treatment for long-term mild-to-
moderate knee OA.
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