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ABSTRACT - Objective: Knee osteoarthritis (OA) affects millions of people. The role of oral supplements
among conservative treatments for knee OA is still debated. This prospective observational study evaluates the
efficacy of oral supplements of hyaluronic acid and Boswellia serrata extract in reducing pain and improving joint
range of motion in patients with mild-moderate knee OA.

Patients and Methods: Forty patients (24 women and 16 men), with a mean age of 67.6 + 7.9, took one tablet
of oral supplement based on hyaluronic acid 300 mg + Boswellia serrata extract 100 mg per day for 60 consecu-
tive days. The follow-up lasted six months. After 1 (T1), 3 (T2) and 6 (T3) months, each patient underwent clinical
consultation with pain and knee function assessment using specific scores [(Visual Analog Scale (VAS), Knee In-
jury and Osteoarthritis Outcome Score (KOOS), Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) and the International Knee Documentation Committee (IKDC)]. Finally, during the last consultation, the
degree of patient satisfaction was assessed (on a scale of 0 to 10).

Results: Two of the 40 patients dropped out of the study (5% dropout rate). The VAS showed a statistically
significant improvement (p < 0.001) between the first and subsequent visits, with a clear reduction in pain be-
tween T1 and T2. The KOOS improved at each visit, with statistically significant results (p < 0.001) between TO and
T1 and between T2 and T3. The WOMAC showed statistically significant improvements (p < 0.001) between the
first and all subsequent consultations, while between T2 and T3, the results showed a non-statistically significant
reduction in the score. The IKDC score showed statistically significant improvements (p < 0.001) between the first
and all subsequent consultations, with non-statistically significant differences between T1 and T2, T1 and T3, T2
and T3. Finally, the degree of satisfaction was 8.1 + 1.4.

Conclusions: Oral administration of hyaluronic acid and Boswellia serrata extract decreases pain and improves
knee function in patients with mild to moderate knee OA.
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INTRODUCTION

Conservative treatment strategies for knee osteoarthritis (OA) are twofold: pain control and function
restoration. Several treatment modalities, often in combination, can be used to achieve these goals.

Oral nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen are commonly used, de-
pending on the patient’s cardiovascular comorbidities, for short periods of time, given their side ef-
fects2. In addition to oral therapy, intra-articular injection therapy with corticosteroids, hyaluronic acid
(HA), platelet-rich plasma (PRP) and mesenchymal stem cells is used. Depending on the type of molecule
used, intra-articular therapies provide short- to medium-term benefits, although they often require
multiple injections®*®.

Given the increasing incidence of knee OA and problems with tolerability and toxicity, especially
in elderly patients with conservative pharmacologic and injectable therapies, non-pharmacologic oral
supplements are increasingly being studied?’. Herbal agents such as Boswellia serrata have been in-
vestigated for safety and efficacy in the management of knee osteoarthritis. Different studies®*® have
demonstrated the effectiveness of oral supplementation of Boswellia serrata in reducing pain, improv-
ing physical function, and decreasing inflammation in patients with knee osteoarthritis.

Also, studies!'*> focused on oral supplementation of HA, a high-molecular-weight molecule normally
found in cartilage and synovial fluid that acts as a viscoelastic lubricant and cellular regulator through
protein binding. Its efficacy appears to be partly explained by its anti-inflammatory role and as a pro-
moter of extracellular matrix protein synthesis, thus contributing to the maintenance of normal articular
cartilage thickness.

Because of these mechanisms of action, combined with fewer side effects than NSAIDs and acet-
aminophen, oral supplements based on Boswellia serrata and hyaluronic acid can be a viable alternative
for patients suffering from knee OA.

The aim of this study was to evaluate the efficacy of oral hyaluronic acid 300 mg + Boswellia serrata
extract 100 mg during a 6-month follow-up period in reducing pain and improving knee function in pa-
tients older than 45 years with mild to moderate primary knee OA.

PATIENTS AND METHODS

A prospective cohort study was conducted in 2022 at our institution (Sant’Andrea University Hospital).
Patients were included if they presented with mild to moderate primary knee OA (according to Kellgren
Lawrence and Ahlback classification: stage I-1I) and age 2 45 years.

Patients were excluded if they presented with severe knee OA (stage IlI-1V), received an ipsilateral
intraarticular injection in the prior six months, underwent previous ipsilateral surgical procedures, had
autoimmune disorders, or were unwilling to be enrolled in the study. Patients were excluded from the
study if they underwent other pharmacologic or surgical therapies for the treatment of knee OA during
the study period.

Each participant took one tablet per day of oral hyaluronic acid 300 mg + Boswellia serrata extract
100 mg supplement for a duration of 60 days. The patients were asked to record diaries to track patient
compliance.

The study was authorized by the local Ethics Committee and performed in line with the Ethical Stan-
dards of the 1975 Declaration of Helsinki, as revised in 2013.

Physiotherapy

A standardized physiotherapy protocol was prescribed. The initial phase focused on pain management,
employing modalities such as cold therapy and transcutaneous electrical nerve stimulation (TENS). Gen-
tle range-of-motion exercises were introduced to maintain joint mobility without exacerbating symp-
toms. As patients progressed, strengthening exercises targeting the quadriceps, hamstrings, and calf
muscles were integrated into the regimen. Proprioceptive exercises, including single-leg stance and
closed-chain activities, were introduced to promote joint stability. The protocol also emphasized func-
tional training tailored to individual patient needs, aiming to restore daily activities without pain or dis-
comfort. Patient education on joint protection and activity modification was also incorporated through-
out the therapeutic sessions. The duration and frequency of the sessions were determined based on
individual patient requirements and clinical response but typically consisted of twice-weekly sessions
for six to eight weeks.
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Clinical Evaluation

The effects of this oral supplementation were evaluated longitudinally at intervals of one, three, and six
months after initiation.

Clinical assessments included recording the body weight. At each endpoint, self-reported metrics —
including the Visual Analog Scale (VAS), Knee Injury and Osteoarthritis Outcome Score (KOOS), Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and the International Knee Docu-
mentation Committee (IKDC) scale —were employed for the evaluation of pain indices and knee function
prior to the treatment (TO) and at one (T1), three- (T3), and six-months (T3) post-initiation. The final
follow-up included an evaluation of patient satisfaction scaled from 1 to 10.

Statistical Analysis

All analyses were performed with the SPSS® Statistics software (version 27.0.1.0; IBM Corp., Armonk, NY,
USA). Statistical significance was set at p < 0.05. Descriptive data were analyzed for the entire patient co-
hort. Descriptive data analyses were conducted depending on the nature of the considered criteria. For
quantitative data, this included the number of observed values (and missing values, if any), mean, SD,
median, and minimum and maximum. For qualitative data, this included the number of observed and
missing values and the number and percentage of patients per class. To assess differences between the
four endpoints, a one-way repeated measures analysis of variance was conducted; significance values
were adjusted according to Bonferroni’s correction for multiple tests.

RESULTS

Of the 40 patients initially included in the study, 2 (5%) dropped out. All remaining patients took one
tablet of the supplement daily for 60 days. The age of the enrolled patients ranged from 50 to 81, with
a mean of 67.6 + 7.9 years and a median Kellgren-Lawrence score of 2. Table 1 shows the demographic
characteristics of the study population.

Table 1. Demographic data of the population included in the study. Values are reported as num-

ber (%) or mean + standard deviation (SD).

Sex, n (%)

Male 16 (40)

Female 24 (60)
Side, n (%)

Right 25 (62.5)

Left 15 (37.5)
Kellgren-Lawrence grade, n (%)

1 12 (30)

2 20 (50)

3 8 (20)
Age, mean * SD 67.6 7.9
Height, mean  SD 168.2 +89
Weight, mean * SD 78.9 +133

The study population’s body weight significantly decreased over the study period: TO, mean 78.9 kg;
T1, mean 71 kg (p = 0.005). At the final endpoint, the mean satisfaction score was 8.1 + 1.4 (range, 5-10).
An analysis of the VAS, KOOS, WOMAC, and IKDC at the four endpoints was performed and is presented
in Table 2.
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Table 2. Visual Analog Scale (VAS), Knee Injury and Osteoarthritis Outcome Score (KOOS),
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)

and the International Knee Documentation Committee (IKDC) values at the four endpoints
TO, T1, T2, and T3, and p-value between the different endpoints.

Pairwise Comparison

Mean SD T1 T2 T3

VAS
T0 6.65 1.78 <0.001 <0.001 <0.001
T1 4.85 1.82 0.001 0.069
T2 3.58 13.63 0.166
T3 3.85 2.13

KOOS
T0 72.28 8.67 <0.001 <0.001 0.009
T1 73.36 13.59 0.999 0.488
T2 73 13.59 0.488
T3 75.03 9.44

WOMAC
T0 67.67 9.88 <0.001 <0.001 <0.001
Tl 75.26 9.54 0.011 0.411
T2 78.10 9.44 0.083
T3 77 9.62

IKDC
TO 62.96 11.81 <0.001 <0.001 <0.001
T1 70.95 10.64 0.076 0.319
T2 68.78 10.43 0.436
T3 71 9.67

The boldface indicates statistical significance. SD, Standard Deviation.

VAS

Regarding VAS, a steady decrease in pain was observed from the start of treatment, with a significantly
improved score between TO and the other endpoints (p < 0.001). In addition, an improvement was not-
ed between T1 and T2 (p = 0.001) (Figure 1).

KOoOsS

There was a statistically significant steady increase in KOOS score at the various endpoints (p < 0.001).
Scores were significantly improved between TO and T1 (p < 0.001), T2 (p < 0.001) and T3 (p = 0.009)
(Figure 2).

WOMAC

The WOMAC score showed a significant improvement between TO and T1 (p < 0.001), T2 (p < 0.001) and

T3 (p < 0.001), and between T1 and T2 (p < 0.001), with a non-significant decrease from T2 to T3 (p =
0.436) (Figure 3).



POTENTIAL BENEFITS OF ORAL HYALURONIC ACID AND BOSWELLIA SERRATA EXTRACT

Figure 1. Visual Analog Scale (VAS) . . .
scores at the four endpoints. The  —— J
presence of curly brackets indi- 7 6.65
cates a statistically significant dif-
ference. 6
——
5 4.85
4 3.58 3.8
3
2
1
0
T0 Tl T2 T3
75.50 - -
75.03
75.00
74.50 - ] : Figure 2. Knee Injury and Os-
74.00 f * 1 teoarthritis Outcome Score
73.50 73.36 £ (KOOS) scores at the four end-
73.00 points. The presence of curly
72.50 72.28 brackets indicates a statisti-
72.00 cally significant difference.
71.50
71.00
70.50
T0 T1 T2 T3
L
I n 1
80.00 [ . . : A
78.00 78.10 77
76.00 75.26
74.00
72.00
Figure 3. Western On-
tario and McMaster 70.00
Universities  Osteoar- 68.00 67.67
thritis Index (WOMAC) 66.00
scores at the four end-
points. The presence of 64.00
curly brackets indicates 62.00
astat'lstlcally SIgnlﬁcant TO T1 T2 T3
difference.




POTENTIAL BENEFITS OF ORAL HYALURONIC ACID AND BOSWELLIA SERRATA EXTRACT

IKDC

There was no linear progression of scores for the IKDC score. All measurements taken were significantly
increased from TO (p < 0.001), but no other differences were shown. In addition, the score fell between
T1 and T2 and then rose again at T3 (Figure 4).
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62.00
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TO T2

Figure 4. International Knee Documentation Committee (IKDC) score at the four endpoints. The presence of curly
brackets indicates a statistically significant difference.

T1 T3

DISCUSSION

The main result of this observational study is that taking one tablet of hyaluronic acid and Boswellia ser-
rata extract daily for at least 60 days can effectively reduce pain and improve knee function in patients
with mild to moderate knee osteoarthritis in the short term.

HA is an organic compound naturally synthesized by fibroblasts that maintains the structural and
functional properties of extracellular matrix fluids, such as tissue protection and repair'*. HA improves
synovial fluid elasticity and viscosity, decreases the release of pain-producing neuropeptides and proin-
flammatory mediators and produces anti-inflammatory effects such as interleukin (IL)-1 suppression?®-29,
Boswellic acid is the active ingredient in Boswellia serrata. Boswellia, containing 10% Acetyl-Keto-B-Bo-
swellic acid (AKBA), is useful for joint function. AKBA is a boswellic acid with strong pharmacological ac-
tivity: it has anti-inflammatory properties, is an inhibitor of the lipoxygenase pathway, has anti-arthritis
properties, and improves pain and physical function. A systematic review and meta-analysis?® showed
that Boswellia and its extract may relieve pain and stiffness and improve joint function, potentially being
a beneficial drug for patients with OA. For these reasons, the combination of hyaluronic acid and Bo-
swellia, exploiting the synergistic beneficial properties of both substances, would positively impact pain.

Ricci et al** compared oral and intra-articular hyaluronic acid, showing short-term follow-up improve-
ments in function and knee pain, measured by a reduction in the VAS score and an improvement in the
American Knee Society Score (AKSS) for both administration routes. However, in the elderly population,
better results were obtained with oral administration of HA.

Regarding pain, as assessed by the VAS score, we observed a statistically significant decrease over time,
with a constant decrease from the start of the treatment and a significant improvement between TO and the
other endpoints (p < 0.001). This improvement was present from the first month, and although pain did not
improve in a statistically significant manner between T2 and T3, it did not return to pre-treatment levels on
the VAS scale. In the future, it would be useful to evaluate the effects of a possible new course of supplemen-
tation on pain. Jensen et al?? analyzed the effects of oral hyaluronic acid supplementation in 70 patients. A
reduction in pain was seen as early as two weeks, consistent with the data in our study.
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Regarding knee function (analyzed by KOOS, WOMAC and IKDC scores), we observed a constant in-
crease in the KOOS score across the various endpoints, with statistically significant overall progression
(p <0.001); a non-constant trend in the WOMAC score with a significant improvement between TO and
T1 (p<0.001), T2 (p <0.001) and T3 (p < 0.001) and between T1 and T2 (p < 0.001), without a significant
decrease from T2 to T3 (p = 0.436); a non-linear progression in IKDC score in which all measurements
made were significantly increased from TO (p < 0.001).

Improvements in function and pain are also to be correlated with a reduction in the inflammatory
state of the joint, as shown by the analysis of synovial fluid conducted on 40 patients taking an oral
preparation containing HA for 3 months?. This improvement also leads to a reduction in the intake of
other medications with various side effects, as opposed to HA supplementation, which appears to be
much safer?2,

Our results seem to be in line with two previous studies!**3, although these studies also showed that pa-
tients younger than 70 years and with an initial VAS of less than 3 had better outcomes with oral HA intake.

We evidenced encouraging results at the 6-month follow-up after 60 days of oral administration of
one tablet/day based on hyaluronic acid and Boswellia serrata extract. Pain decreased immediately,
reaching minimum levels three months (T2) after the first administration of the integration.

Limitations

The relatively small sample size, the short-term follow-up, and the absence of a control group limit the
generalizability of our results. In addition, the study did not control for potential confounding factors
such as lifestyle changes, body weight loss and other therapies, which may have influenced the out-
comes. Due to the lack of a physical therapy center at our institution, it was also not possible to directly
assess whether patients actually followed the prescribed physical therapy protocol. However, patients
were asked to keep diaries to monitor compliance. Indeed, due to the pain-reducing effect of the tab-
lets, physiotherapy could have led to an improvement in knee function.

CONCLUSIONS

In conclusion, our study suggests promising potential for oral hyaluronic acid and Boswellia serrata ex-
tract in managing knee osteoarthritis, albeit more extensive studies are required.

Despite several limitations, the present study showed that oral administration of hyaluronic acid and
Boswellia serrata extract might have beneficial effects on patients with mild to moderate knee OA. Oral
administration of HA and Boswellia serrata extract seems to decrease pain and improve knee function.

The effects of HA and Boswellia remain controversial, and long-term large prospective randomized
studies are needed to clarify their therapeutic role. However, combined HA and Boswellia supplemen-
tation could reduce NSAID use in early knee OA and could be a valid means to prevent progressive
degeneration of the articular hyaline cartilage and the consequent decrease in the anabolic reparative
potential of chondrocytes and synoviocytes.
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