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The study was in preparation for a future randomized clinical trial (RCT) with oral hyaluronic acid (HA) in
knee osteoarthritis. Its purpose was to evaluate the feasibility of i) ultrasonography (US) and range of motion
(ROM) parameters as objective measurements to correlate the improvement of knee mobility with its pain
reduction; ii) the planned recruitment monthly rate to estimate the resources for the main study. In addition,
it should give by US, ROM, visual analogue scale (VAS) and KOOS questionnaire, preliminary data on
efficacy. This open-label pilot trial was performed in an orthopedic clinic (Timisoara, Romania). Male and
female subjects (from 50 to 70 years) diagnosed with symptomatic OA of the knee with i) mild joint
discomfort for at least 6 months, ii) Kellgren/Lawrence score 2 by X-ray, iii) pain for at least 15 of the 30
previous days, were included. Exclusion criteria were: inflammatory arthritic condition; oral corticosteroids
within 4 weeks; intra-articular injections of HA or corticosteroids within 3 months; anti-inflammatory or
chondroprotective drugs within 2 weeks. Following protocol, 8 patients administered for 8 weeks Syalox®

300 Plus (River Pharma, Italy) a product based on HA of high molecular weight. US parameters improved
from baseline, even if no statistically significant differences were found. ROM and VAS (at rest, on moving
and on pressing) values improved significantly at week 4 and 8 in comparison with baseline. The correlation
between objective improvement of knee mobility and subjective pain reduction was documented. The
enrolment rate was 8 patients/month. The KOOS subscales scores evidenced statistically significant
differences during the study. No adverse event.  US and ROM can be used as objective measurements to
correlate improvement of knee mobility with pain reduction. The recruitment capability evidenced a realistic
estimation of time and budget for the main study. Preliminary data on efficacy using objective measurements
(US, ROM) and subjective parameters (VAS, KOOS questionnaire) showed significant improvements and
will be used for sample size calculation in the main study.
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Osteoarthritis (OA) is one of the most common chronic
condition of joints in older adults, affecting more than one
third of persons older than 65 years of age [1]. It is currently
estimated that 80% of OA-affected individuals exhibit
marked limitations in the normal range of motion of joints,
with 20% of subjects not being able to perform major
activities of daily living and 11% of subjects requiring
personal care [2,3]. Knee serves as the most common site
of OA and functional impairments associated to this
degenerative disease are commonly encountered in people
aged 50 years or older [4].

Even though there are discrepancies due to the
heterogeneity of opinion leaders involved, the international
evidence-based guidelines agree that knee OA
management requires, both non-pharmacological, and
pharmacological approaches [5].

The treatment algorithm recommendation developed
by the European Society for Clinical and Economic Aspects
of Osteoporosis and Osteoarthritis (ESCEO) for knee OA
provides practical guidance for prioritizing interventions in
this degenerative disease, making its management more

easily accessible to physicians [6,7]. This harmonization
algorithm involves the initiation of background therapy with
chronic symptomatic slow acting drugs for OA (SYSADOAs)
-with the addition of paracetamol as short-term rescue
analgesia when needed -as the preferential approach to
the first step of pharmacological treatment of this
degenerative joint disease [6]. SYSADOAs display an
excellent safety and tolerability profile and includes natural
compounds consisting of repeating disaccharides, such
as glucosamine sulphate, chondroitin sulphate, hyaluronic
acid (HA), diacerein, and avocado-soy bean unsaponifiable
[7-9]. In particular, HA has been largely studied over the
last decade and its efficacy after intra-articular (IA)
administration in patient with mild to moderate knee OA
was evidenced in randomized clinical trial (RCT) with more
than 137 studies reported in a recent meta-analysis and in
real life setting surveys [10-12]. On the contrary, it is not
yet clarified which is its bioavailability in humans after HA
oral administration (despite direct evidence of ingested
HA reaching the knee joints in human-relevant pre-clinical
mammalian models [13-15] and the number of clinical
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trials is quite small and with several inconsistencies. The
recent review analysing studies from 2008 to 2015 and the
systematic review updated to January 2018 concluded that
efficacy of oral HA in relieving knee pain, was
demonstrated in various clinical trials without any side
effects but evidenced the heterogeneity of efficacy
endpoints used [16,17]. On the one hand, many studies
have relied almost exclusively on measuring subjective
parameters for pain as the visual analogue scale (VAS) or
specific scores for osteoarthritis outcome, such as the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), the Knee injury and Osteoarthritis
Outcome Score (KOOS)  or scales tested in Japanese
population only, JKOM and JOA [18-20]. On the other hand,
objective measurement methods based on
ultrasonography (US), on isokinetic dynamometry, have
been used in several investigations, but with rather
ambiguous results [21-24]. The quantification of range of
motion (ROM) of the knee joint measured with a
goniometer, which remains the simple and most widely
used tool in daily practices by orthopedists, was never used
as an efficacy endpoint in the analyzed trials. This tool,
although not the best way of assessing patients’ disability
in severe OA might be used in connection with scales like
VAS and KOOS to improve the evaluation of OA patients
[25]. To overcome the above mentioned critical issues,
we had planned to test in a new clinical trial the hypothesis
that the oral administration of HMWHA for a period of 4
months would: i) reduce the pain of the affected knee at
the end of the study period; ii) evidence a statistically
significant difference versus a control population treated
with placebo; iii) evidence the above mentioned
improvement by both subjective measurements (VAS,
QoL) and objective measurements (i.e. US, ROM). After
the conclusion of the study period the patient had the
opportunity (even not mandatory) to enter in a follow up
period of 8 additional months. This attractive hypothesis
could represent a hazard in term of management, money,
time for our team of investigators with limited resources.
For this reason, we have planned first a pilot study to assess
the feasibility of parameters (US, ROM) as objective
measurements able to correlate the improvement of knee
mobility with its pain reduction. This pilot study, according
to the Ashanti saying no one tests the depth of a river with
both feet [26], should avoid dangerous consequences of
starting the large population trial with potential bias in the
choice of end points and their measurement [27]. In
addition, the pilot study should assess the feasibility of the
planned recruitment monthly rate and, consequently
estimate the time and the budget that will occur during
the main study; and it should give (by US, ROM, VAS, KOOS)
preliminary, but not exhaustive, data on efficacy of the
tested product [28].

Considering the PICOT format, we have assumed the
following research question: could a pilot sample of 8
patients from 50 to 70 years, with the oral administration
of high-molecular-weight HA 300 mg assess the feasibility
of the main study -in terms of planned outcomes, time,
and resource needed in the 8-week study duration? [29].

Expeirmental part
Materials and methods
Study design and objectives

This pilot trial was performed with an open-label single
center design. The study objective was to assess the
feasibility of implementing in a future main study the
techniques of US and ROM as specific objective
measurements and to correlate the improvement of knee

mobility with pain reduction evaluated by VAS in patients
assuming oral HA. Additional objectives were: to verify if
the actigraph, a novel device already tested in previous
clinical trials was able to give an indirect evaluation of
pain, quantifying basic body movements like walking or
performing daily activities; to collect data about recruitment
capability and study procedures, to have an estimation of
time and budget for the main study; to obtain preliminary
data on efficacy for the sample size calculation of the main
study.The involved site was SC Medicali’s, a private clinic
specialized in orthopedics located in Timisoara
(Romania).

Inclusion exclusion criteria
Male or female subjects between 50 to 70 years were

included. They were diagnosed with symptomatic OA of
the knee with mild joint discomfort for at least 6 months
following ACR criteria [30]. The inclusion criteria also
requested confirmatory diagnosis (Kellgren/Lawrence
score 2) at the evaluated knee joint by X-ray performed
within the previous 6 months and pain for at least 15 of the
30 days prior to the start of the study [31]. Additional
inclusion criteria were an informed consent (IC) form
signed by patients and compliance to all study
requirements. Exclusion criteria included the presence
of any inflammatory arthritic condition different from knee
OA; fibromyalgia, multiple sclerosis, or autoimmune
disorder; treatment with oral corticosteroids within four
weeks or with intra-articular injections of HA or
corticosteroids in the target joint within three months; oral
intake of anti-inflammatory or chondroprotective drugs two
weeks before the selection; the use of HA-containing
nutritional supplements or cosmetics within one month
prior to the beginning of the study; previous or concomitant
surgical treatment of knee joint; significant injury to the
target joint within the past 6 months; energy-restricted diet
for weight loss; pregnant women, nursing mothers, or
women (only if childbearing potential) not using adequate
methods of contraception; patients with cardiovascular,
hepatic, renal, respiratory, or hematologic illness, or
medical condition that would compromise participation
to the study; and participation in an interventional clinical
study in the previous 30 days. Throughout the clinical trial,
the subjects were not allowed alcohol consumption, drug
abuse, energy-restricted diet for weight loss, use of diuretics
and any medication mentioned in exclusion criteria; and
routine intake of antiresorptive drugs, including
bisphosphonates or oestrogen. There was no restriction
on treatments taken previously by subjects for clinical
conditions not related to the study condition.

Product administration
All patients received, Syalox® 300 Plus (River Pharma,

Orio Litta- Italy). The administered product contained HA
of high molecular weight (> 2.8 MillionDa) and Boswellia
extract containing 10% Acetyl Keto â Boswellic Acid. The
tested product was administered for 8 weeks, 1 tablet a
day.

Outcomes
The primary outcome was the correlation between

parameters collected using objective measurements (US
and ROM) and that one evaluated using a subjective tool
(VAS at rest). As secondary outcomes, we have used the
associations between the improvements in VAS on moving
and on pressing and those observed in US- and ROM-related
variables, the patient recruitment monthly rate to verify
the feasibility for time and budget of the planned future
main study. As far as safety, we monitored the occurrence



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦70♦ No. 9 ♦20193366

of any adverse event during the study. The following
exploratory outcomes were also planned, to obtain data
for sample size calculation of the main study: preliminary
efficacy data belonging to KOOS Questionnaire Romanian
version, VAS at rest, on moving on pressing, ROM, rescue
medication use, and feasibility of using data obtained with
actigraphy.

Imaging outcomes were evaluated via US by the
presence or absence of the following: synovial fluid,
articular cartilage damage, medial meniscal protrusion,
lateral meniscal protrusion, medial osteophytes, lateral
osteophytes, enthesopathies, Baker’s cysts [32].

ROM was evaluated using a goniometer to measure the
active and passive flexion and extension, respectively of
the affected knee.

The VAS values were obtained using the validated scale
of 100mm measuring the patient’s level of pain at resting,
moving, and pressing [33].

The KOOS Questionnaire Romanian version, a patient-
administered test, was chosen for its characteristics to be
used over short- and long-term time intervals [34]; it was
tested in this pilot study after 4 and 8 week interval, while
in the main study it will be assessed at week 16 and 32.
KOOS consists of 5 subscales: pain, other symptoms,
function in daily living, function in sport and recreation and
QoL. Standardized answer options are given (5 Likert
boxes) and each question is assigned a score from 0 to 4.

A normalized score (100 indicating no symptoms and 0
indicating extreme symptoms) is calculated for each
subscale. The results of the 5 subscales were plotted as an
outcome profile in a graph with scores from 0-100 on the
y-axis and the five subscales on the x-axis.

The actigraph was placed below the patient knee by an
elasticated band with Velcro for 7 days prior baseline (BL)
and for 7 days before final visit. The device should not be
removed by the patient, but only by the Investigator during
the visits (except when having a shower). Thanks to a
battery-powered motion sensor it should be able to collect
the data related to patient movements as quantitative
pattern 24hrs a day for 1 week.

To verify the amount of rescue medication consumed
during the study period, the patient received at BL 2 boxes
of paracetamol 500 mg (40 tablets in total) and were
instructed to report on diary cards their administration. At
the final visit, the Investigator checked the quantity of the
returned paracetamol and compared the amount with the
data written in the diary cards.

Framework of the study
The trial required three visits per each patient, with

the baseline (BL) visit, the second visit, and the last visit
taking place at the start of the trial, at four weeks (±
two days), and at eight weeks (± four days), respectively
(Figure 1). At the BL visit, patients were examined to check

Fig. 1. Framework of the pilot study.
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whether they meet the selection criteria and were
subjected to a routine orthopaedic evaluation to confirm
the knee OA diagnosis. At the start of the clinical study,
each patient received the tested product Syalox® 300 Plus
(RiverPharma, Orio Litta, Italy) for eight weeks and two
boxes of 500 mg paracetamol (40 pills) to be used as short-
term rescue analgesia (when required) and was instructed
to complete the diary cards with data on drug
administration. The US-related outcomes were determined
at the start and the end of the study, whereas the ROM,
VAS, and KOOS related outcomes were recorded at each
visit. The actigraph was placed above the affected knee
two times: 7 days before the BL (removed in the BL) and 7
days before the week 8 visit (removed in the final visit).

Statistical methods
Since this was a pilot study, a sample size calculation

was not performed. We estimated to enrol 8 patients as
around 10% of the number required for the main future
RCT. The level of significance of <0.5 was considered
statistically significant at 95% confidence interval. If a
subject was missing information for one or more variables.
Safety was evaluated in terms of adverse event findings.
Analysis comparing the in between visits values were done
using t-test for demographic parameters, body mass index

(BMI), and VAS, McNemar test for US, Wilcoxon signed-
rank test for ROM and KOOS. Pearson correlation
coefficient was calculated between VAS and ROM and
between VAS and US parameters. Statistical analysis was
performed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

Ethics
The study protocol was approved by a local independent

ethical committee in Timisoara on December 12, 2017,
registered in clinicaltrials.gov as NCT 03421054, and shared
by fully open access [35]. The study was performed in
accordance with the ethical principles of the current version
of the Declaration of Helsinki (64th WMA General
Assembly, Fortaleza, Brazil, October 2013) and the
Directive 91/507/EEC, Guidelines for GCP. The privacy of
patient data was protected following the 677/21 November
2001 law in Romania.

Results and discussions
Out of 8 patients enrolled, no one withdrew from the

study and all were included in the per-protocol analysis.
The Consort flow diagram is reported in Figure 2.

Participants were recruited from February 15th, 2018 to
March 19th, 2018; May 25th, 2018 was the date for the last
visit of the last patient. Therefore, the enrolment rate was
8 patients/month in total. This value was coherent with
the monthly site recruitment rate planned for the main RCT
(at least 5 patients/month/site). It must be emphasized

Fig. 2. Flow diagram (CONSORT) of the study. Fig. 2. Flow diagram
(CONSORT) of the study.
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that the result was obtained in standard practice without
any advertising.

Five patients (62.5%) were males and 3 (37.5%) were
females. Subjects were between 50 to 69 years old, with a
mean age, height, weight, and BMI of 50.62 years, 174.75
cm, 77.50 kg, and 25.30, respectively. All subjects belonged
to the Caucasian ethnic group. Due to small sample, a
statistically significant difference was evidenced between
sex for height and weight (p = 0.046 and p = 0.009,
respectively) (Table 1).

No relevant findings were evidenced either in the
medical history or during physical examination and no
concomitant medication was recorded during the
screening evaluation.

No major protocol deviations occurred concerning the
scheduled visits.

Out of 8 US parameters evaluated during the study, 4
(Baker ’s cyst, synovial fluid, enthesopathies, lateral
osteophytes) improved, 3 (articular cartilage damage,
medial meniscal protrusion, medial osteophytes, lateral
meniscal protrusion,) did not change between BL and final
visit (Figure 3). Due to the small number of patients
evaluated, no statistically significant differences were
found for any of the US parameters, applying the McNemar
tests between 8-Week visit and the BL visit.

ROM values improved at week 4 and week 8 visit during
the study (Table 2). Active Knee Flexion (AKF), Passive
Knee Extension (PKE) and Passive Knee Flexion (PKF)
values increased in a time-dependent manner, reaching
statistical significance in comparison with BL.

VAS at rest values evidenced statistically significant
differences between 4-Week and BL visit, and between 8-
Week and BL visit, (p = 0.024 and p = 0.011, respectively).
Also, the VAS on moving and on pressing values reached
statistical significance at week 4 and 8 in comparison with
BL values (Table 3).

Actigraphy, as optional test, was performed on few
patients only. Logistical and technical inconveniences
(difficulty for patients in maintaining the Velcro band in the
correct position and battery-not well powered for the
scheduled time of a week) did not allow to evaluate this
device.

The Pearson correlation coefficient (PCC) was
calculated between difference of VAS at rest, on moving
and on pressing (Visit 1 vs Visit 2, Visit 1 vs. Visit 3) and the
variation of 4 ROM parameters. All the correlations
increased in absolute values from BL to 4-Week visit and
from BL to final visit. The highest correlations in absolute

values were found from BL to final visit in PKF and in PKE
(0.45 and -0.44, respectively) (Table 4).

It was not possible to test the correlation between US
and VAS, because no statistically significant differences
were found for US parameters.

The analysis of KOOS questionnaire normalized answers
scores evidenced statistically significant differences
comparing BL visit with Week 4 and 8 (Figure 4). No
adverse event was evidenced during the trial period. This

Table 1
DEMOGRAPHY OF

PATIENTS
Significant differences

are marked with *

Fig. 3. Ultrasonography at baseline and 8-weeks follow-up visit:
no. of patients and parameters evaluation.
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positive evaluation was confirmed by patient diaries data
and by the Syalox® 300 Plus oral administration compliance
(100% for all patients).

Limitation
The small sample size, only one clinical site involved

(with the risk of selection bias), the non-randomized design

Table 2
ROM (AKF, PKE, PKF) VALUES

(DEGREES) DURING THE STUDY.
Significant differences are marked

with *

Table 3
VISUAL ANALOGUE SCALE (VAS) AT

REST, ON MOVING AND ON PRESSING
DURING THE STUDY. Significant
differences are marked with *.

Table 4
CORRELATION BETWEEN VAS AT REST, ON MOVING

AND ON PRESSING (mm) AND ROM PARAMETERS.

Fig. 4. KOOS 5 subscales bar graphs, by visits.
Pain: V1 vs V2 p < 0.001*; V1 vs V3 p < 0.001*

Symptoms: V1 vs V2 p < 0.001*; V1 vs V3
p < 0.001*

Activities of Daily Living (ADL):  V1 vs V2
p < 0.001*; V1 vs V3 p < 0.001*

Sports and Recreation Activities (Sport/Rec):
V1 vs V2 p < 0.002*; V1 vs V3 p < 0.001*

Quality of Life (QoL): V1 vs V2 p < 0.037*;
V1 vs V3 p < 0.001*

*: statistically significant

and the absence of a control group were the main
limitations of this pilot study. The KOOS questionnaire was
chosen due to the extremely expensive cost of WOMAC.

Conclusions
Oral HA in patients with mild to moderate knee OA is

widely used in clinical practice by medical doctors in
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Europe, the US and Asia. Several clinical studies have
shown moderate efficacy of oral HA treatments in reducing
pain and improving knee functionality, with no side effects
[16]. No trial analyzed the potential correlation between
subjective evaluation (i.e. by VAS) and objective
measurements. To test the feasibility of using a device able
to supply objective data to correlate with VAS in a future
main study, we tested in the present pilot study US, ROM
and actigraphy. The objectives of the pilot study were
achieved:

-US and ROM were tested and could be used in the future
study as objective measurements to correlate the
improvement of the knee mobility with the pain reduction
of the affected knee. The PCC was only calculated
between ROM and VAS. US values decreased during the
study period, but the test could not be performed due to
the small sample size of patients.

-Logistic and technical inconveniences did not allow to
verify actigraphy in this study, even if finding of the 2
collected cases were suggestive of the possibility to follow
the increasing of patient mobility and the decrease of pain
during the study period. For this reason, we decided not to
use the actigraph as primary outcome in the future main
study, but to use this device with exploratory intention only.

-The collected data regarding recruitment capability (8
patients/month/site) and study procedures evidenced a
realistic estimation of time and budget for the main study.

-Preliminary data on efficacy of objective measurements
(US, ROM) and subjective parameters (VAS, KOOS
questionnaire) showed significant improvements in knee
osteoarthritis and will be used for the sample size
calculation of the main future study.
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