
ORIGINAL RESEARCH

Single-Dose Intra-Articular Administration of a Hybrid
Cooperative Complex of Sodium Hyaluronate
and Sodium Chondroitin in the Treatment
of Symptomatic Hip Osteoarthritis: A Single-Arm,
Open-Label, Pilot Study

Rocco Papalia . Vincenzo Salini . Nicola Voglino . Mattia Fortina .

Serafino Carta . Francesco Sadile . Cosimo Costantino

Received: October 1, 2020 /Accepted: November 7, 2020
� The Author(s) 2020

ABSTRACT

Introduction: Intra-articular (i.a.) hyaluronic
acid is an accepted conservative therapy for
knee osteoarthritis (OA). This study evaluated
the safety and efficacy of a single i.a. injection
of an innovative formulation of sodium hya-
luronate 2.4% plus sodium chondroitin non-
sulphated 1.6% of biotechnological origin (HA-
SC) for the treatment of patients with

radiographically confirmed symptomatic hip
OA and moderate-to-severe pain.
Methods: In this prospective, multicenter, open-
label, pilot study, HA-SC was administered using a
standard ultrasound-guided procedure. Adverse
events, global/local evaluation of tolerability, and
use of rescue analgesics were recorded. Efficacy
endpoints included visual analogue scale (VAS)
measurement of hip pain, changes in Lequesne’s
algofunctional Index, and assessment of global
status.
Results: Treatment was well tolerated; adverse
device events of moderate-to-severe intensity,
most commonly, injection site pain/localized
arthralgia occurred in 20.8% of subjects. Global
evaluation of tolerability was rated as excellent or
good (75.0%), fair (16.7%), and poor (8.3%) by
subjects and 77.1, 14.6, and 8.3%, respectively, by
investigators. There was a rapid and significant
decrease in hip pain after a single injection; VAS
pain score decreased from a mean of 67.5 mm at
baseline to 29.3 mm by day 7, with the effects
sustained during 6 months of follow-up
(P\0.0001). There were significant improve-
ments in Lequesne’s Index for hip OA total scores
at all time points during follow-up (P\0.0001).
The majority of subjects reported ‘Very much
improved’ or ‘Slightly improved’ global improve-
ment at any time point. Use of rescue paracetamol
was generally low.
Conclusions: A single i.a. injection of an inno-
vative HA-SC formulation was well tolerated,
safe, and effective in the treatment of
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Città di Castello, Perugia, Italy

M. Fortina � S. Carta
Department of Orthopaedics and Traumatology,
Siena University Hospital, Siena, Italy

F. Sadile
Division of Orthopaedic Service, Department of
Public Health, ‘‘Federico II’’ Naples University
Medical School, Naples, Italy

C. Costantino
Department of Medicine and Surgery, University of
Parma, Parma, Italy

Rheumatol Ther

https://doi.org/10.1007/s40744-020-00255-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s40744-020-00255-y&amp;domain=pdf
https://doi.org/10.1007/s40744-020-00255-y


symptomatic hip OA.
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Key Summary Points

Why carry out this study?

Osteoarthritis of the hip is a chronic
disease that imposes a high burden of
global disability and impaired quality of
life because of increasing pain, loss of
mobility, and loss of independence with
ageing or disease progression.

Intra-articular (i.a.) hyaluronic acid is an
accepted treatment in routine clinical
practice to reduce pain, improve joint
function, and limit joint damage in knee
osteoarthritis.

We examined in symptomatic hip
osteoarthritis the efficacy and safety of an
innovative formulation of hybrid
cooperative complexes of sodium
hyaluronate plus sodium chondroitin
developed to address the anatomical and
biomechanical differences between the knee
and hip joints.

What was learned from the study?

A single i.a. injection of the hyaluronic
acid/sodium chondroitin formulation was
well tolerated, safe, and effective in the
treatment of symptomatic hip
osteoarthritis.

The treatment provided a rapid and
significant decrease in hip pain and
improved joint functionality, starting
immediately after the i.a. injection and
maintained throughout 6 months of
follow-up.

Although conservative treatment of hip
osteoarthritis remains challenging, this
formulation could represent a promising,
long-lasting, and effective treatment.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13200485.

INTRODUCTION

Osteoarthritis (OA) is a chronic degenerative
joint disease characterized by progressive dam-
age of articular cartilage, joint space narrowing,
subchondral bone remodeling, joint marginal
osteophyte formation, and synovitis [1, 2]. OA,
particularly of the hip and knee, imposes a high
burden of global disability and impaired quality
of life because of increasing pain, loss of
mobility, and the consequent loss of indepen-
dence as people get older or the disease pro-
gresses [1, 3, 4].

Although OA may affect any joint of the
body, it most commonly affects the knee and
the hip [1, 4]. Hip OA is the most common
cause of difficulty in walking and is one of the
most common causes of debilitating pain in the
general population [4]. The burden of OA can
only be expected to increase with the ageing
and increasing rates of obesity of the world’s
population [4, 5], and there will be an increas-
ing demand for health services to treat hip and
knee OA. The management of OA includes both
pharmacological and non-pharmacological
therapies; both approaches are required for
optimal management [3, 6–10].

Analgesics, and in particular nonsteroidal
anti-inflammatory drugs (NSAIDs), remain the
mainstay of the pharmacological treatment of
OA, although there are concerns over the
potential of serious side effects with long-term
use of these drugs, particularly in the elderly
[3, 6]. Intra-articular (i.a.) corticosteroids may
provide short-term pain relief in subjects who
fail to respond to other conservative measures,
but there are concerns about possible adverse
events (AEs) with repeated use, including
destructive joint damage in a small proportion
of patients and an increased risk of infection
[11–14]. None of these approaches has been
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shown to slow disease progression or reverse
joint damage and, taken together, concerns
related to the use of NSAIDs and i.a. corticos-
teroids have led to an increasing interest in
types of drugs and modalities of administration
that improve the clinical symptoms of OA with
more favorable tolerability and safety profiles.

Accordingly, symptomatic slow-acting drugs
for osteoarthritis (SYSADOA), including hya-
luronic acid (hyaluronan) and chondroitin,
have been the focus of extensive research and
generated a growing awareness among clini-
cians for their potential beneficial therapeutic
effect on the symptoms and outcomes of OA
[15].

The use of i.a. injections of hyaluronic acid
has gained acceptance among conservative
therapies for OA, with demonstrated beneficial
effects on pain and functional parameters and
improved outcomes with an absence of clini-
cally relevant AEs [16]. In routine clinical prac-
tice, i.a. hyaluronic acid is an accepted
treatment for knee OA to reduce pain, improve
joint function, and limit joint damage, sup-
ported by a number of evidence-based clinical
practice guidelines, consensus statements, and
decision algorithms [6, 7, 10, 17–19]. Although
the onset of symptomatic benefit following i.a.
hyaluronic acid may not be immediate, corre-
spondingly, the therapeutic efficacy is pro-
longed (carry-over effect), with the effect size
peaking by around 8 weeks and persisting for at
least 6 months [20]. There is also some evidence
that viscosupplementation with hyaluronic
acid has potential disease-modifying effects in
addition to symptomatic pain relief [16, 21].
However, there is considerable variability in
treatment recommendations, in part due to a
lack of methodological consistency in pub-
lished studies and marked variations in effect
size between different hyaluronic acid formu-
lations, which add to the heterogeneity. Corre-
spondingly, guideline support for
viscosupplementation in hip OA is currently
limited by a lack of strong clinical trial evidence
due to substantial heterogeneity of available
studies that restricts the pooled analysis of data.
In addition, the deeper localization of the hip
joint, and the proximity of femoral vessels and

nerves, makes performing the injections under
imaging control mandatory.

However, despite the discrepancies in the
guidelines, there is overall clinical evidence that
i.a. hyaluronic acid is a safe, well-tolerated, and
beneficial therapy in hip OA [22, 23], signifi-
cantly reducing pain and aiding functional
recovery, although the level of evidence is lower
than that for knee OA, in part because of the
small sample size of some studies and the time-
lapse before patients feel the benefits of visco-
supplementation [24].

IBSA is a manufacturer of a portfolio of
hyaluronic acid-based medical devices for i.a.
viscosupplementation, formulated with a bio-
compatible pharmaceutical-grade, highly puri-
fied high molecular weight (around 1000 kDa)
hyaluronic acid obtained with a multi-step
biofermentation process. Although the current
IBSA i.a. medical devices can be used in joints
other than the knee, they are mainly made use
of for knee viscosupplementation, and no
medical device specifically designed for hip
viscosupplementation has been available. As
the largest ball-and-socket joint in the body,
viscosupplementation of the hip necessitates
the use of a large volume of hyaluronic acid
solution, preferably with a high concentration
of hyaluronic acid, which could be expected to
unduly increase the viscosity of the solution,
resulting in a gel-like solution requiring a high
extrusion force and that is not easy to inject.

An innovative and patented formulation
containing hybrid cooperative complexes of
sodium hyaluronate 2.4% plus sodium chon-
droitin non-sulphated 1.6% of biotechnological
origin has been developed,1 providing a higher
concentration of hyaluronic acid without a
significant increase in viscosity, while main-
taining the same high molecular weight of the
other IBSA i.a. hyaluronic acid products.

Guided by the available experience in the
safe and effective use of i.a. hyaluronic acid in
the management of knee OA, this preliminary
study was designed to evaluate the safety and
efficacy of a single i.a. hip injection of the new
formulation of sodium hyaluronate and sodium

1 Brand names: Sinogel�; Condrosulf� Intrarticolare;
Condrosulf� Intraarticular; Artrocoat�
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chondroitin (HA-SC) for the treatment of
patients with symptomatic hip OA.

METHODS

Ethical Considerations

Approval for the study was sought from and
provided by the local Ethical Committee of each
participating site (Comitato Etico dell’Univer-
sità Campus bio-medico di Roma, Comitato
Etico delle Province di Chieti e Pescara, Comi-
tato Etico Aziende Sanitarie Umbria, Comitato
Etico di Area Vasta Sud-Est (C.E.A.V.S.E.) c/o
Azienda Ospedaliero Universitaria Senese,
Comitato Etico dell’Università Federico II and
Segreteria Comitato Etico Per Parma c/o
Azienda Ospedaliero-Universitaria di Parma)
and the National Regulatory Authorities of
Italy, according to the specific national regula-
tion, before starting the investigation. Written
informed consent was obtained from each
patient before starting the trial. The trial was
conducted in accordance with the Declaration
of Helsinki and its modifications, the rules of
the International Conference on Harmoniza-
tion (ICH) Good Clinical Practices (GCP), and
ISO 14155, the European Union Council
Directive 93/42/EEC amended by 2007/47/EC,
the MEDDEV 2. 12–1 rev. 6 and amendments,
and the local legislation in force on the conduct
of clinical investigations with medical devices.

Design and Objectives

This was a prospective, multicenter, open-label,
single-arm, pilot clinical investigation of
patients with symptomatic hip OA treated with
a single dose of i.a. sodium hyaluronate and
sodium chondroitin (HA-SC) in the treatment
of patients with symptomatic hip OA and suf-
fering from moderate-to-severe pain.

Patient Population

Eligible subjects were male or female patients
aged C 40 years attending the outpatient clinics
at the participating Italian public hospitals with

symptomatic primary hip OA radiographically
confirmed within the previous 6 months and
continuous moderate-to-severe OA pain despite
the failure of or non-response to regular use of
analgesics and/or NSAIDs or other conservative
treatments. Subjects were required to have
documented Kellgren–Lawrence grade\4
radiographic hip OA [25], and pain at the target
hip C 40 mm as measured on a visual analogue
scale (VAS) after a wash-out period from anal-
gesics and/or NSAIDs of[5 times the drug half-
life before the screening visit and confirmed at
the baseline visit (visit 2). Exclusions from the
study, which were related to circumstances
considered likely to interfere with the study
treatment or confound the evaluation of the
affected joint, are summarized in Table 1. Par-
ticipation in the study could be prematurely
withdrawn at the initiative of the patient or
investigator, for example, in the case of a sig-
nificant AE or adverse device event (ADE).

Study Intervention

The investigational medical device (IMD) was a
sterile 3-ml unit-dose syringe containing high
molecular weight sodium hyaluronate 2.4% and
sodium chondroitin non-sulphated 1.6% of
biotechnical origin for i.a. administration. Each
syringe provided 72 mg of sodium hyaluronate
and 48 mg of sodium chondroitin. Biocompat-
ible pharmaceutical-grade hyaluronic acid pro-
duced as a non-chemically modified, linear
natural polymer free of cross-linking agents
obtained from a safe and highly productive
microbial strain is used in the patented formu-
lation to closely mimic endogenous hyaluronic
acid and ensure a good safety profile while
providing satisfactory viscoelastic properties.

Non-sulphated chondroitin (sodium chon-
droitin) is used as a technological excipient
with specific rheological properties that modu-
late the viscosity of high concentration, high
molecular weight hyaluronic acid solutions,
preserving the viscoelastic characteristics of
hyaluronic acid that replicate the desirable
properties of the synovial fluid of healthy
subjects.
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A standard ultrasound-guided procedure was
used with the aim of ensuring the correct
placement of the i.a. injection and minimizing
the risk of adverse effects due to incorrect
positioning of the needle [26]. In brief, subjects
were examined supine with the hip in internal-
rotation of 15 to 20�. A 7-MHz linear or 3.5-MHz
convex transducer was used together with a
sterile biopsy guide. The hip joint was scanned
by means of an anterior parasagittal approach,
lateral to the femoral vessels. The transducer
was aligned with the long axis of the femoral
neck to allow visualization of the acetabulum
and the femoral head. Using an antero-superior
approach, a 22-gauge spinal needle was
advanced through the biopsy guide into the
anterior capsular recess, at the level of the
femoral head, using real-time imaging guidance
software. Once the needle encountered the
femoral head, it was retracted by 1 mm and the
treatment was then injected into the hip joint.
Intra-articular placement was verified with the
real-time monitoring (direct visualization of

viscous fluid or air bubbles) and utilizing power
Doppler imaging (flow signals in i.a. recess).
Color Doppler visualization prevented the
inadvertent injection of blood vessels.

Data Collection

A total of seven visits were performed. A sche-
matic representation of the study plan is shown
in Fig. 1. Patients were followed up for
6 months to ensure long-term evaluation of the
treatment.

Subjects underwent a screening visit (visit 1)
between 1 and 10 days before treatment with
the i.a. injection of HA-SC at the baseline/
treatment visit (visit 2, day 0). Follow-up visits
were performed after 7 days from treatment
(visit 3, post-treatment follow-up), and after 30
(visit 4), 60 (visit 5), 90 (visit 6), and 180 days
(visit 7, final visit).

Subjects who prematurely discontinued from
the investigation between visit 2 and visit 3
attended an ‘early termination visit before visit

Table 1 Summary of exclusion criteria

Presence of concomitant rheumatic disease

Previous or planned surgery on the target hip

Intra-articular viscosupplementation in the hips B 6 months previously

Significant venous or lymphatic stasis

Body mass index (BMI) C 32 kg/m2

Systemic or i.a. corticosteroid treatment of the target hip in the past 3 months

Treatment of any non-target joint with systemic or i.a. corticosteroids in the past 4 weeks

Systemic NSAIDs or paracetamol (acetaminophen) within the past 48 h

Opioids/narcotic analgesics in the past 7 days

Chronic use of topical or systemic analgesics, NSAIDs, or narcotics

Start of therapy or change of dosage of any SySADOA in the last 3 months

History of alcohol or drug abuse

Allergy or hypersensitivity to hyaluronic acid or paracetamol

Clinically significant or unstable medical condition that might compromise successful participation

Participation in another clinical trial within the preceding 90 days

Pregnant or breast-feeding women or lack of adequate contraception

Rheumatol Ther



30 where laboratory tests, assessment of local
tolerability at the injection site, and investiga-
tor and subject assessment of global tolerability
were scheduled. Subjects prematurely discon-
tinued from the investigation between visit 3
and visit 7 attended an ‘early termination visit
after visit 30, in which procedures scheduled for
visit 7 (day 180, final visit) were performed.

Hip pain was measured by VAS at any visit to
the investigational site. Subjects also recorded,
in a daily diary, the pain by VAS in the domi-
ciliary setting in the first 7 days following
treatment administration. Adverse events, any
therapies taken for adverse events, and

concomitant rescue paracetamol (not to exceed
3 g/day of paracetamol 500 mg tablets, to be
interrupted at least 6 h before each control visit)
were to be recorded in the subject’s diary at
home during the entire investigational period.

Project management, monitoring of the
investigation, data management, and reporting
were carried out by the Contract Research
Organisation (CRO), LB Research s.r.l., Via
Lombardia 81, 22063 Cantù (CO), Italy, and
statistical analysis was carried out by IBISMED
s.r.l., Via Carlo D’Adda 8, 20143, Milan, Italy.

Fig. 1 Schematic diagram of the study plan. AE adverse event, HA hyaluronic acid, i.a. intra-articular, OA osteoarthritis, SC
sodium chondroitin, V visit
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Outcome Measures

The primary objective was to evaluate the safety
of i.a. HA-SC in patients with symptomatic hip
OA. The secondary objective was to evaluate the
performance (efficacy) of HA-SC in terms of
pain and function of the affected hip joint. The
primary safety endpoint was the number and
type of ADE (i.e., AEs related to the medical
device).

Secondary safety endpoints included local
tolerability at the injection site, assessment of
global tolerability by the patient and investiga-
tor, vital signs, and laboratory parameters.

The performance (efficacy) endpoints were
changes in VAS pain from baseline to any post-
baseline time point, changes in Lequesne’s
algofunctional Index from baseline to any post-
baseline time point, and subject and investiga-
tor assessment of change in global status (an
overall evaluation of hip OA pain symptoms),
according to a 5-point qualitative scale where
4 = very much improved, 3 = slightly
improved, 2 = no change, 1 = slightly wors-
ened, 0 = very much worsened. Consumption
of concomitant analgesic treatments, defined as
the number of subjects with the use of parac-
etamol and the number of used tablets, was
recorded.

Statistical Methods

The safety (SAF) analysis set was defined as all
enrolled subjects who signed the informed
consent and received the medical device
administration. The full analysis set (FAS) con-
sisted of all subjects of the SAF who had a valid
baseline VAS for pain as well as C 1 post-base-
line VAS pain assessment. The per-protocol
analysis set (PPAS) was defined as all subjects of
the FAS who also met all inclusion/exclusion
criteria and who did not have any major devi-
ation from the clinical investigational plan (i.e.,
inclusion criteria violation, use of forbidden
concomitant medications).

The analysis of safety endpoints was per-
formed in the SAF and performance endpoints
on the FAS. Analysis of changes in VAS hip pain
was repeated in the PPAS.

ADEs were coded using the Medical Dic-
tionary for Regulatory Activities (MedDRA�)
version 22 and the number of subjects with
ADEs, serious ADEs (SADEs), the severity of
ADEs, and ADEs leading to withdrawal were
recorded.

Statistical testing was conducted at the two-
sided a = 0.05, and the 95% confidence interval
(CI) was computed. As there was no control
group, descriptive statistics were used according
to the type of variable; for continuous variables,
descriptive summary statistics included the
number of non-missing values, number of
missing values, mean, 95% two-sided mean CI,
standard deviation (SD), median, lower, and
upper quartile, minimum and maximum.
Box plot graphs were also presented when
appropriate. For categorical variables, descrip-
tive summary statistics included counts and
percentages per category.

The statistical analyses were performed using
SAS� Statistical Analysis Software v 9.4 (SAS
Institute, Cary, NC, USA), and the level of sig-
nificance for all tests was 5%.

RESULTS

The study was conducted at six sites in Italy; 48
subjects were enrolled and completed the study,
with the first subject enrolled on the 1st of
August 2017 and the last subject completing the
study on the April 4, 2019. Therefore, all sub-
jects were included in both the SAF and FAS
populations. Five subjects had major protocol
violations (non-allowed use of corticosteroids
and NSAIDs) and were excluded from the PPAS,
which therefore consisted of 43 subjects.

Patient demographics at baseline are pre-
sented in Table 2. The average age of the sub-
jects was 61.2 years and more males (N = 29)
than females (N = 19) were enrolled. All sub-
jects were Caucasian, and the majority had
bilateral hip OA, with the target hip balanced
similarly between the left and right side. The
diagnosis of hip OA was radiographically con-
firmed in all subjects, 94% of whom had Kell-
gren–Lawrence grade 2 or 3 radiographic hip
OA. The mean time since diagnosis of hip OA
was 44.9 (range, 0.7–220.6) months.
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Prior and concomitant medications were
reported in 83.3% (N = 40) of subjects overall.
The most common medications by pharmaco-
logical subgroup were drugs for the cardiovas-
cular system (23 subjects, 47.9%), drugs for the
nervous system (21 subjects, 43.8%), and drugs

for the alimentary tract and metabolism (12
subjects, 50.0%).

Safety and Tolerability

Treatment was generally well tolerated
(Table 3). A total of 11 ADEs (primary safety
endpoint) were reported in ten subjects (20.8%)
overall (95% CI 10.0–35.0%). The intensity of
ADEs was moderate (one event) in one subject
(2.1%) and was severe (ten events) in nine
subjects (18.8%). The most common ADEs by
preferred term were injection site pain (five
subjects, 10.4%) and arthralgia localized in the
treated area (three subjects, 6.3%). One subject
reported two ADEs of severe intensity (arthral-
gia and pain in the extremity). None of the
other ADEs by preferred term were reported in
more than one subject.

A total of 72 AEs was reported in 24 subjects
(50.0%) overall. There was one serious AE (SAE)
reported in one subject (2.1%), consisting of

Table 2 Baseline demographic and clinical characteristics
of the FAS and SAF

Characteristic N = 48

Age, years

Mean ± SD 61.2 ± 10.8

Median (range) 61 (40–82)

Gender, n (%)

Female 19 (39.6)

Male 29 (60.4)

Mean body mass index, kg/m2 26.3

Bilateral hip osteoarthritis, n (%)

Yes 36 (75.0)

No 12 (25.0)

Target hip, n (%)

Left 23 (47.9)

Right 25 (52.1)

Clinical diagnosis confirmed by

radiograph, n (%)

48 (100.0)

Radiographic stage (Kellgren–Lawrence)

Grade 0 (No OA) 0 (0.0)

Grade 1 (Doubtful) 3 (6.3)

Grade 2 (Mild) 20 (41.7)

Grade 3 (Moderate) 25 (52.1)

Grade 4 (Severe) 0 (0.0)

Time since diagnosis of hip osteoarthritis, months

Mean ± SD 44.99 ± 45.5

Median (range) 30.0

(0.7–220.6)

FAS full analysis set, SAF safety set

Table 3 Summary of adverse events in the safety (SAF)
population (N = 48)

Patients with ‡ 1 adverse event, no. (%)

Any 24

(50.0)

Treatment-related 10

(20.8)

SAE 1 (2.1)

Leading to permanent discontinuation of study

treatment

0 (0.0)

ADE 10

(20.8)

Serious 0 (0.0)

Severe intensity 9 (18.8)

Moderate intensity 1 (2.1)

Leading to permanent discontinuation of study

treatment

0 (0.0)

ADE adverse device event, AE adverse event, SAE serious
adverse event
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two events (atrial fibrillation and cardiac fail-
ure) not related to treatment. The intensity of
AEs was mild (38 events) in 13 subjects (27.1%),
moderate (19 events) in nine subjects (18.8%),
and severe (12 events) in nine subjects (18.8%).
None of the subjects discontinued the study due
to AEs.

The global evaluation of tolerability was
rated as excellent or good for 36 subjects
(75.0%), fair by eight (16.7%), and poor by four
(8.3%). Corresponding values reported by the
investigators were excellent or good in 37 sub-
jects (77.1%), fair in seven (14.6%), and poor in
four (8.3%).

There were no substantial changes in mean
values of heart rate, systolic blood pressure,
diastolic blood pressure, body weight and BMI
from baseline to any post-baseline time point;
the only statistically significant change during
the study was a mean decrease of 1.8 mmHg in
diastolic blood pressure from baseline to visit 3
(day 7). Laboratory parameters were normal in
the high majority of patients at baseline and/or
day 7.

The results of local tolerability showed tran-
sient pain in the site of injection, with an
increase in the mean VAS for pain from before
injection until soon after injection, but the
increase in pain intensity rapidly resolved, from
a mean increase of 15.2 ± 39.8 mm soon after
injection to 7.0 ± 38.6 mm 30 min after injec-
tion. Furthermore, at visit 3 (day 7), the mean
VAS for pain in the site of injection was lower
than that measured before injection, with a

mean decrease from before injection of
- 18.4 ± 29.4 mm.

Local erythema in the site of injection,
absent in all subjects before injection, consisted
of no more than faint redness in 20 subjects
soon after injection. Thirty minutes after injec-
tion, one subject had moderate redness, and ten
had faint redness, which persisted at day 7 in
two subjects. Local erythema was absent soon
after injection in 28 subjects, 30 min after
injection in 37 subjects, and on day 7 in 46
subjects.

Efficacy

Changes in VAS pain score over the course of
the study for the FAS are presented in Table 4
and Fig. 2. In summary, there was a rapid and
significant decrease in hip pain after a single i.a.
injection of HA-SC. VAS pain score decreased
from a mean of 67.5 mm at baseline to 29.3 mm
by visit 3 (day 7), with the effects sustained
during 6 months of follow-up, at which time
VAS was 22.8 mm (P\ 0.0001 vs. baseline at
any time point). Results in the PPAS were simi-
lar to those observed in the FAS (data not
shown).

The mean Lequesne’s algofunctional Index
for hip OA total score after the single injection
of HA-SC decreased from a mean of 10.4 at
baseline to 5.1 (P\0.0001) at 6 months
(Table 5; Fig. 3). The decrease was marked and

Table 4 Change in visual analogue scale (VAS) hip pain score over time in the full analysis set (FAS) (N = 48)

VAS pain, mm

Actual value Change from baseline*

Baseline: visit 2 67.5 ± 10.8

Visit 3: (day 7 ± 1) 29.3 ± 25.6 - 38.1 ± 23.8

Visit 4: (day 30 ± 3) 22.0 ± 20.9 - 45.4 ± 20.7

Visit 5: (day 60 ± 3) 21.3 ± 21.8 - 46.2 ± 21.5

Visit 6: (day 90 ± 3) 20.3 ± 24.7 - 47.1 ± 24.2

Visit 7: (day 180 ± 3) 22.8 ± 24.1 - 44.7 ± 23.7

Data are mean ± standard deviation (SD)
* P\ 0.0001 vs. baseline at all evaluated time points
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remained significant at all evaluated time points
(P\0.0001).

The subjects’ assessment of global improve-
ment showed an assessment of ‘Very much
improved’ or ‘Slightly improved’ in the majority
of subjects at any time point throughout the
study. Consistent with the assessments of the
subjects, the investigators reported ‘Very much
improved’ or ‘Slightly improved’ for the
majority of subjects at any time point.

Overall, 36 subjects (75.0%) used rescue
paracetamol during the study. The mean

number of tablets per day of rescue paracetamol
(in subjects who took rescue paracetamol) was
generally low and decreased from visit 3 (day 7)
up to the end of observation at visit 7 (day 180).
In the overall study period, subjects took a
mean of 75.3 ± 105.8 tablets of rescue parac-
etamol, a mean daily number of 0.4 ± 0.6.

DISCUSSION

The role of i.a. hyaluronic acid is well estab-
lished in knee OA [20, 27–31], although its use

Fig. 2 Visual analogue scale (VAS) for hip pain in the FAS population (N = 48). Values are mean ± standard deviation.
FAS full analysis set

Table 5 Change in osteoarthritis functionality over time in the full analysis set (FAS) (N = 48)

Lequesne’s algofunctional Index score

Actual value Change from baseline*

Baseline – visit 2 10.4 ± 3.8 (N = 46)

Visit 3 (day 7 ± 1) 7.4 ± 3.9 (N = 45) - 3.0 ± 3.3 (N = 43)

Visit 4 (day 30 ± 3) 6.0 ± 3.5 (N = 45) - 4.4 ± 3.8 (N = 44)

Visit 5 (day 60 ± 3) 5.2 ± 3.8 (N = 42) - 5.2 ± 3.7 (N = 42)

Visit 6 (day 90 ± 3) 5.3 ± 4.6 (N = 43) - 4.8 ± 4.3 (N = 42)

Visit 7 (day 180 ± 3) 5.1 ± 4.5 (N = 43) - 5.3 ± 4.5 (N = 42)

Data are mean ± standard deviation (SD)
* P\ 0.001 vs. baseline at all evaluated time points
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in hip OA is less well documented. Anatomical
and biomechanical differences between the
knee and hip joints mean that the rheological
properties of hyaluronic acid products formu-
lated for use in knee OA are not ideal for
administration in hip OA.

The primary objective of this study in sub-
jects with radiographically documented hip OA,
therefore, was to evaluate the safety of a single
i.a. injection of an innovative medical device
developed specifically for proper viscosupple-
mentation of the hip joint. The formulation
comprises a high molecular weight hyaluronic
acid at a concentration appropriate for hip OA
treatment in a hybrid cooperative complex with
sodium chondroitin as an excipient to modu-
late the viscosity of the hyaluronic acid solu-
tion, mimicking the viscoelastic properties of
healthy synovial fluid.

All 48 patients enrolled in the study received
treatment, completed the investigation, and
were therefore included in both the SAF set and
the FAS. Overall, treatment with i.a. HA-SC was
well tolerated, and tolerability was rated as
excellent or good by the majority of subjects
and investigators. Local tolerability was good-
to-excellent, consisting of transient pain in the
site of injection, an expected effect following
i.a. injection and which tended to resolve

rapidly in the few patients who experienced it.
Local erythema, swelling, or hardening in the
site of injection, occurred infrequently, was of
mild intensity, and spontaneously resolved in a
short time. Arthralgia localized to the treated
area, for which the underlying disease might
have had a contributory effect, in three subjects.
There were no clinically significant changes in
laboratory parameters or vital signs. None of the
subjects had treatment-related SAEs and all
subjects regularly completed the overall inves-
tigational period.

Treatment with i.a. HA-SC was associated
with rapid and significant decreases in hip pain,
which was statistically significant at 7 days and
which were sustained up to the end of the
observation at 6 months. The mean Lequesne’s
algofunctional Index total score also markedly
and significantly decreased from baseline to any
post-baseline time point.

An assessment of ‘Very much improved’ or
‘Slightly improved’ health status was reported
for the majority of subjects by both subjects and
investigators at any time point. The use of res-
cue paracetamol was low and decreased over
time.

Several other studies have shown that vis-
cosupplementation with i.a. formulations of
hyaluronic acid are a valid treatment option for

Fig. 3 Lequesne Index total score in the FAS population (N = 48). Values are mean ± standard deviation. FAS full
analysis set
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hip OA [22, 32]. In one study, 114 patients with
symptomatic hip OA received a single i.a.
injection of hyaluronic acid 1.6% (two vials,
4 ml) and were followed up for 6 months [22].
There was a statistically significant reduction
from baseline in Lequesne algofunctional index
scores, VAS pain scores, and consumption of
NSAIDs at all time points (P\0.05), with no
systemic and only mild side effects, consisting
of local reaction at the injection site in seven
subjects. More recently, in a study in 207
patients with Kellgren–Lawrence stage 2–3 hip
OA treated with a single administration of i.a.
hyaluronic acid, highly statistically significant
improvements in pain, measured with the Brief
Pain Inventory (BPI II), were recorded between
baseline and the three following visits at 3, 6,
and 12 months (P\ 0.001) [23]. The evolution
in the Harris Hip Score was also statistically
significant between baseline and all following
visits (P\0.001), whereas VAS pain scores had
improved at the month 3 visit (P\0.001) and
remained stable thereafter.

While, as noted, i.a. corticosteroids may be
an appropriate intervention for relieving pain
and providing functional recovery in hip OA in
the short term, a recent meta-analysis has
shown that i.a. hyaluronic acid is a valid and
effective choice from the mid-term [33],
although further trials with long-term follow-up
are necessary.

Our study has some limitations; this was a
small open-label, single-arm pilot study, and
there was therefore no control group. However,
extensive monitoring for AEs and ADEs was
undertaken over the duration of the study up to
the final visit at day 180, and the use of a
number of validated clinical parameters and the
kinetics of the performance effects observed on
pain and function suggest that a tangible
treatment effect was present.

Until i.a. viscosupplementation has been
definitively shown to alter the natural history of
hip OA and delay or prevent the need for hip
arthroplasty, treatment with i.a. HA-SC should
be considered a strategy for symptomatic relief.
However, restoring the viscoelasticity of the
synovial fluid to aid in the regeneration of
damaged cartilage has the potential to become a
promising therapeutic strategy for slowing the

progression of hip OA. Our findings justify
additional investigation in a larger patient
population in the context of a controlled clini-
cal study.

CONCLUSIONS

The results of this study show that a single i.a.
injection of an innovative formulation con-
taining hybrid cooperative complexes of
sodium hyaluronate plus sodium chondroitin
non-sulphated (HA-SC) was well tolerated and
safe in the treatment of symptomatic hip OA.
The treatment resulted in a rapid and significant
decrease in OA hip pain (VAS) and functionality
(Lequesne’s Index) that started immediately
after the i.a. injection and was maintained
throughout the 6-month follow-up period.
Although conservative treatment of hip OA
remains challenging, this formulation could
represent a promising, long-lasting, and effec-
tive i.a. treatment.
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