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( Abstract \

Background: Knee Osteoarthritis (OA) is the most common joint disease in the adult population worldwide: its
conservative treatment with intra-articular injections of hyaluronic acid represents one of the most popular options.
Aim: The aim of this study was to retrospectively evaluate the efficacy of intra-articular injections of a preparation
containing a blend of Cross-Linked and Linear Hyaluronic Acid (CLHA) in ameliorating joint pain and function in
active-OA patients.

Design: A retrospective descriptive study was conducted on subjects who received diagnosis of active knee OA be-
tween December 2021 and March 2023. Biochemical - such as cytokine profiling in synovial fluid and urine collagen
telopeptide II (CTX-II) levels - and clinical parameters - such as patient-reported values of knee function - have been
collected and evaluated.

Setting: Patients were clinically evaluated in Casa di Cura Montanari, Morciano di Romagna (RN), Italy.
Population: Sixty-seven (67) patients, aged 50—65 years, were registered with active knee OA, radiographic Kell-
gren stage II-III during the observational period. 3 patients were excluded due to violations of inclusion/exclusion
criteria, 2 patients refused to be part of the study. Synovial fluid samples (SF) from 40 (64,5%) patients with initial
and recurrent effusion after 4 months from baseline, were analyzed for selected cytokines content.

Methods: OA patients were enrolled for study participation after providing written informed consent. Inclusion cri-
teria were the following: Kellgren-Lawrence Grade II or III OA; knee synovial effusion at the diagnosis stage; age
range of 35-75 years. Exclusion criteria included: infection in the joint; inflammatory joint disease; osteonecrosis;
positive synovial fluid culture; reduced range of motion; large knee circumference (>45 cm); recent intra-articular
HA injections and knee trauma or surgery; full-thickness cartilage loss in index knee; use of corticosteroids and other
analgesics within the previous 3 months prior to study. Eligible knee OA patients (62) were treated with intra-articular
injection(s) of CLHA (cross-linked high molecular weight component of 1-2 million Da plus linear lower molecular
weight fraction of 500 KDa). Based on clinical judgment, injections of CLHA were repeated at 4 months (40 patients)
and 8 months (29 patients).

Clinical assessment, including visual analogic scale (VAS) for pain, range of motion (ROM) and Western Ontario
and McMaster Universities Osteoarthritis (WOMAC) index for knee functional limitation, was performed at baseline
and after 4, 8 and 12 months of follow-up. Urine samples were collected and analysed for CTX-II in all timepoints
of the study. SF was obtained through arthrocentesis at baseline and at 4 months from patients which showed recur-
rent intra-articular effusion (40 patients), and was analyzed for IL-1, IL-6, TNF-a and IL-10 by content by ELLA™
automated immunoassay system.

Results: Intra-articular injections of CLHA invariably improved joint pain and function independently from the age;
synovial biochemical analyses indicated the attenuation of inflammatory cytokines concentration and the stabilization
of CTX-II.

Conclusions: CLHA represents a highly effective treatment in active knee OA patients.
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Introduction

Knee osteoarthritis (OA) is the most common chronic joint
condition and the primary cause of discomfort and limitations
in developed countries [1]. Due to a rise in life expectancy,
population aging, and the quick development of risk factors
like obesity, the incidence of OA is steadily growing [2]. OA
symptoms include joint pain, synovitis, a slow loss of articular
cartilage, and alterations of the subchondral bone and periar-
ticular tissues [3]. Preventive and pharmacological treatment
approaches to reduce inflammation and optimize knee mobil-
ity are the cornerstones of OA therapy [4]. Pharmacological
therapies used today to treat knee OA focus on symptom relief
rather than structural changes. Due to its ability to act on patho-
logically critical areas and elevated resistance to enzymatic
degradation, hyaluronic acid (HA) has been recognized as a
safe and successful first-line therapy for OA [5,6]. The effect
of HA in OA has often been attributed to its biomechanical and
viscoelastic properties, due to its ability to cushion and lubri-
cate the joint [7,8]; however, there is growing evidence sug-
gesting that the benefits of HA also depend on other biological
actions on both inflammation and/or cartilage degradation [9—
14]. Cross-linked and Linear HA (CLHA) is a commercially
available formulation consisting of a mixture of cross-linked
high molecular weight HA fraction (MW 1-2 million Da) and a
linear lower molecular weight fraction of HA (MW 500 KDa)
used as viscosupplement. This formulation makes the polymer
more resistant against the degradative action of hyaluronidas-
es; the cross-linked polymer fraction in CLHA is also able to
remain longer in the synovial space than the HA linear form.

The aim of the present retrospective case-report study was
to evaluate the efficacy of CLHA infiltration in the treatment
of active OA pairing clinical and biochemical determinations
from a group of eligible cases.

Material and Methods

We performed a retrospective descriptive study with follow-up
visits at 4, 8 and 12 months. Patients with symptomatic acti-
vated knee OA, grades II-III according to Kellgren—Lawrence
(KL) score radiographically examined no longer than three
months before the beginning of the study, were enrolled. Inclu-
sion criteria were the following: presence of joint effusion, age
range of 35-75 years; index knee Kellgren-Lawrence Grade 11
or III. Exclusion criteria were the following: joint infection, in-
flammatory joint disease, osteonecrosis, positive synovial fluid
culture, reduced range of motion, large knee circumference
(>45 cm), recent HA injections and knee trauma or surgery,
full-thickness cartilage loss in index knee and/or treatments
with steroids or non-steroidal anti-inflammatory drugs within
the previous 3 months, rheumatic pathologies, endocrinopa-
thies, malignancies and systemic diseases.

The study meets the ethical standards of the journal. In particu-
lar, all experimental procedures were carried out according to
the principles and recommendations described elsewhere [15].
The study was carried out according to the Helsinki Declara-
tion for research with human volunteers and all patients signed
an informed consent form to participate. Eligible Knee OA
cases were treated at baseline with intra-articular injection of
CLHA (Regenflex BioPlus, Regenyal S.r.l., San Benedetto del
Tronto, Italy) consisting of a mixture of two fractions, namely
a cross-linked high molecular weight HA component sizing
1-2 million Da and a linear lower molecular weight fraction of
500 KDa fraction). Patients (n. 62) received a 3 ml (75 mg/3

mL) mjection of Regenflex BioPlus at baseline; additional in-
jections were repeated after 4 (40 patients) or 8 (29 patients)
months from baseline based on clinical judgment. No addition-
al injection was required at 12 months. Patients were followed-
up for 12 months with visits at baseline (intraarticular injection
of study product), and then 4, 8 12 months after the baseline
injection. The mixture of the two fractions of HA was spatially
ordered in that cross-linked and linear HA were alternatively
layered in a “wafer” fashion to obtain peculiar rheological
features and a high homogeneity before and after injection.
Sixtyseven (67) patients meeting the inclusion criteria were
enrolled in the study. Anthropometric data (age, sex, height,
weight, and body mass index, body mass index, BMI) were
recorded at baseline (Table I). Clinical assessment, including
visual analogic scale (VAS) ranging from 0 to 10 for pain [16],
range of motion (ROM) was goniometrically-assessed accord-
ing to [17] and Western Ontario and McMaster Universities
Osteoarthritis (WOMAC) index for knee functional limitation.
All WOMAC data presented in this report have been normal-
ized using average score on 0 to 10 scales, similarly to other
studies [18], which were performed at baseline and after 4, 8
and 12 months. Urine samples were collected and analyzed
for collagen telopeptide I1 (CTX-II LifeSpan, Inc.) in all time-
points of the study. SF was obtained through arthrocentesis
at baseline and at 4-months from OA patients which showed
chronic intra-articular effusion and IL-1p, IL-6, TNF-o and IL-
10 levels were analysed by ELLA™ automated immunoassay
system (Bio-techne, Minneapolis, MN, USA). Synovial fluid
were loaded in a A16-Plex single-analyte cartridge (1:2 dilu-
tion), containing IL-1B/IL-1F2, IL-6 2nd gen, TNF-a 2nd gen
and IL-10; ELLA™ was performed as described by Macis et
al., 2021 [19].

Table 1: Study group characteristics.

Variable Group
Subjects 62
Age (years) 53.7+10.11
Male 39
Female 23
Smoking 0
Weight (kg) 74.05+7.7
Height (cm) 172.6+£7.9
BMI (kg/m?) 24.8+1.65
Abbreviation: BMI: Body Mass In-
dex
*Values are the Mean &+ SD

Results

Sixtyseven (67) patients were selected for the study based on
the inclusion criteria. 3 patients were excluded due to vio-
lations of inclusion/exclusion criteria, 2 patients refused to
be part of the study. The distribution of gender, age, weight,
smokers, BMI grade of the sixtytwo (62) cases of the study
is described in Table I. Arthrocentesis was performed in all
patients at baseline and repeated after 4 months only in cases
with synovial effusion recurrence. The total number of 3 ml
injections of CLHA administered under ultrasonographic guid-
ance during the 12-month study was 133. Of the 62 patients
enrolled who received the first injection, 40 patients received
a total of 2 injections (at 0 and 4 months), and 29 patients re-
ceived a total of 3 injections (at 0, 4 and 8 months) over the
12 months follow-up period. The volume (data not shown)
and the occurrence of SF were significantly reduced after 4
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Figure 1: Clinical results at baseline (T0) and after 4 months (T1), 8 months (T2), 12 months (T4) follow-up visits. (4)
VAS, Visual analogue scale; (B) ROM, Range of motion (degree); (C) WOMAC, Western Ontario and McMaster Universi-
ties Osteoarthritis (functional subscale normalized using average score on 0 to 10 scales); (D) Urinary levels of CTX-1I
determined at baseline (immediately before the first injection with CLHA). Values are the means £ SEM. *, significantly
different from baseline (p<0.05).
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Figure 2: Levels of biochemical markers of inflammation in synovial fluids. Synovial IL-1p, IL-6, TNF-o. and IL-10
were determined at baseline (immediately before the intra-articular injection of CLHA at baseline) and after 4
months. SE, synovial fluid. Values are means + SEM. *, significantly different as compared to baseline (p<0.05).

months. No dropout and no local/systemic reactions or side
effects were noted. As shown in Figure 1A, B, C, the VAS,
ROM and WOMAC scores decreased immediately after the
first CLHA injection and remained lower over the 12-month
follow-up (p<0.05). The CTX-II urinary concentration de-
creased significantly after 4, 8 and 12 months as compared
to baseline values (Figure 1D). Fourty (40, 64,5%) patients
suffering from activated knee OA with recurrent effusion were
subjected to a second arthrocentesis at 4-months and 4 months-
SF cytokine content was compared to that detected in the SF
samples collected at baseline. The results are shown in Figure
2, and indicate that the levels of the selected pro-inflammatory
markers IL-1B, IL-6 and TNF-a, were significantly reduced

after 4 months (p<0.05); notably IL-10 levels, an anti-inflam-
matory target, only slightly and non-significantly decreased at
4 months (Figure 2).

Discussion

Taken together our results suggest that the CLHA formulation
used herein promotes a prompt beneficial effect and estab-
lishes a favourable and long-lasting condition in the synovial
environment. These effects can be commented and tentatively
explained taking into account the dual structure - crosslinked
and linear - of the polymers in CLHA and the multilayering
technique used to mix the two fractions. Indeed, the linear form
of HA might promote an immediate relief due to its prompt
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availability to positively interact with biological targets; more-
over, the linear HA layers buffer the excess viscosity typical
of crosslinked fractions, that sometimes causes pain follow-
ing injection due to their rheological friction. Conversely, HA
crosslinking reduces HA sensitivity to hyaluronidase-mediated
degradation, a property that makes the cross-linked fraction
more stable and durable than the linear form. The combination
of these activities probably accounts for significant clinical im-
provements of VAS, ROM and WOMAC scales observed over
time. These clinical outcomes are further strengthened by the
still positive clinical and functional outcomes at the 12 months
follow-up and are consistent with the significant reduction in
IL-1B, IL-6 and TNF-o observed at 4 months in the patients
with recurrent joint effusion counseled for a second arthrocen-
tesis. Notably, although some of them (n. 29) needed a third
injection at 8 months, joint effusion did not develop again in
these patients up to the end of the 1-year clinical follow-up.

Our observations are in keeping with the notion that HA, by
virtue of its role in joint lubrication and cushioning, may re-
duce the joint friction coefficient in patients suffering from ac-
tivated knee OA, which is the main risk factor for degenerative
disease and knee pain; secondarily, our data suggest that the
rheological properties of HA can be finely tuned and amelio-
rated by intercalating multiple and alternate layers of linear and
crosslinked fractions.

In addition, CLHA, being more resistant to hyaluronidase
degradation, confirms its attitude to warrant a prolonged vis-
co-integration and lubricating effect, which, according to the
specific program adopted in the present study, could be even
longer. Furthermore, we showed that this therapeutic treatment
induces significant and lasting improvement in the most severe
cases of activated knee OA characterized by recurrent effusion
symptoms.

Conclusion

Several forms of HA are available today, yet there is still a need
to identify the rational basis for their formulation and combina-
tion in a treatment program for activated knee OA. The main
features of the treatment herein evaluated, are likely to depend
on the specific mode of mixing the two polymer fractions and
on the choice of their differential sizes that confer peculiar rhe-
ological and biological properties to the preparation.

This interpretation agrees with independent evidence showing
that the pharmacodynamic characteristics of HA can be modi-
fied according to its size, structure, and chemical variables.

Further studies with a larger sample size will be needed to fur-
ther evaluate the efficacy profile of Regenflex® BIO-PLUS in
patients with OA.
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