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Abstract

Background The combined use of hyaluronic acid and
platelet-rich plasma has never been reported in the treat-
ment for osteoarthritis. Aim of this paper was to evaluate
the efficacy of this association and to compare retrospec-
tively these results with those of a cohort of patients treated
with platelet-rich plasma only.

Subjects with mild-to-moderate
knee osteoarthritis were enrolled. After clinical and ultra-
sound evaluation, patients received a weekly intra-articular
injection of 2 ml of hyaluronic acid added with 2 ml of
platelet-rich plasma for 3 weeks. Follow-up was performed
at 1, 3, and 6 months. The same clinical parameters were
retrospectively collected from a cohort of patients treated
with 4-5 ml of platelet-rich plasma only.

Results Forty knees were treated in both groups. The
intra-group comparison showed a significant improvement
in clinical and functional outcomes at 1, 3, and 6 months,
while the infra-group comparison did not show any sig-
nificant difference.

Conclusions The association of platelet-rich plasma + -
hyaluronic acid has the same efficacy of platelet-rich
plasma only, administered in higher volume. We may infer
that hyaluronic acid works synergically and improves the
activity of several molecules contained in platelet-rich
plasma.

Materials and methods
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Introduction

Knee osteoarthritis (KOA) is a chronic disorder charac-
terized by biochemical and biomechanical alterations of
articular cartilage. It is the more common cause of chronic
pain and functional impairment, which can compromise
overall health and quality of life of the affected patients [1].
Although several conservative treatments (NSAIDs, intra-
articular corticosteroids, physical therapies, etc.) have been
proposed with varying success rates, none of them has
shown to halt, reverse, or modify the normal evolution of
the disease [2]. For these reasons in the last decade, there
was an increasing interest for therapies able not only to
manage clinical symptoms but also to provide an instruc-
tional environment for stimulating joint repair [3, 4]. In this
framework, platelet-rich plasma (PRP) and hyaluronic acid
(HA) injections have been extensively used to manipulate
the complex spatio-temporal signaling within and between
the joint tissues and to improve lubrication and modulate
inflammation, thus restoring a natural healing micro-envi-
ronment [3]. The clinical studies thus far performed using
both compounds separately strongly support their efficacy
in the treatment for KOA, in terms of reduced pain and
improved function [5, 6]. Moreover, no serious adverse
events were observed. In a limited number of studies,
patients reported pain, swelling, and mild functional limi-
tation in their joint after injection, which usually disap-
peared after few days [5, 6].

Recent basic research supports the idea that PRP and
HA can favor joint repair through different mechanisms
and therefore can be advantageously associated without
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altering the original relevant characteristics of both prod-
ucts [3]. Excellent results have been preliminarily reported
in the treatment for Morton neuroma, pressure ulcers, and
surgical wounds [7-9]. However, the association of these
two therapeutic agents has never been investigated in
patients suffering from KOA. At this regard, it has been
recently introduced in the market a new compound which
provides, in a single-step closed system, an immediate
formation of a cell-friendly HA network in which platelets
are dispersed.

Aim of this paper was twofold: first, to report prelimi-
nary results about the efficacy and safety profile of the
compound composed of both these two therapeutic agents
in patients suffering from KOA, and second, to compare
retrospectively these results with those obtained from a
group of patients treated with PRP only.

Materials and methods

Patients suffering for more than 3 months from mild-to-
moderate KOA (grade II-III according to Kellgren—Lawr-
ence score on radiographic examination performed at least
3 months before) were enrolled. Exclusion criteria were the
following: age >80 years, recent knee trauma, intra-artic-
ular injection with steroids, HA and/or PRP, current sys-
temic treatments with steroids or NSAIDs within the
previous 3 months, rheumatic pathologies (rheumatoid,
psoriatic and reactive arthritis, arthritis associated with
inflammatory bowel diseases, and spondyloarthritis), sev-
ere systemic diseases (renal, hepatic, cardiac, infections,
endocrinopathies, malignancies), immunodepression, anti-
coagulant or antiaggregant therapies, Hb values <11 g/dl,
and/or platelet values <150.000/mm”.

At baseline, demographic and anthropometric data were
collected. In each subject, height and weight were mea-
sured, and BMI was then calculated. Clinical and func-
tional measures included pain during the previous week
both at rest and during activities (visual analogue scale
[VAS], Knee Injury and Osteoarthritis Outcome Score
[KOOS], and weekly NSAID consumption (number of
patients and tablets/weeks)). Moreover, an ultrasound (US)
evaluation of the knee joint was carried out according to
the standard protocol to investigate the presence of joint
effusion and/or synovitis [10].

Afterward, the association between PRP and HA was
prepared after harvesting of 4 ml of autologous blood into
a pre-filled tube containing 2 ml of HA [natural, non-cross-
linked fermented HA (1550 kDa), concentration: 20 mg/ml
(40 mg total)] in addition to the thixotropic cell separation
gel. After centrifugation (single spin, 3500 rpm for 5 min),
it provided 2 ml of PRP (1,6-1,8x, no leukocytes) com-
bined with 2 ml of HA (total volume = 4 ml).
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Then, in sterile conditions, patients received a weekly
intra-articular injection (lateral approach) of the compound
PRP + HA for 3 weeks. When present, articular effusion
was withdrawn. After each injection, the patients were kept
under observation for approximately 30 min (monitoring
early side effects) and then discharged from the Unit. At
home, patients were asked to restrict the use of the leg for
at least 24 h; rest, ice packs, and acetaminophen (NSAIDs
were forbidden) were allowed. Moreover, patients were
asked to register possible adverse events (pain, swelling,
heat, functional limitations) and acetaminophen consump-
tion during the following days after the injection. During
the treatment period, mild activities (pool or bike exercise)
were permitted, and subsequently, a gradual return to sport
or recreational activities was allowed.

Functional and US evaluation was repeated after 1, 3,
and 6 months, and patients’ satisfaction was registered by
means of five-point Likert Scale (not at all satisfied;
slightly satisfied; somewhat satisfied; very satisfied;
extremely satisfied) [11].

In order to compare the results obtained in the
PRP + HA group, the same clinical and functional
parameters were retrospectively collected from a cohort of
patients suffering from KOA, who had been treated
beforehand with PRP only and evaluated with the same
standard protocol in this Unit. This PRP preparation
(4-5 ml, 3x, no leukocytes) had been obtained after cen-
trifugation (single spin, 3500 rpm for 5 min) of 8 ml of
whole blood. Patients had received three PRP injections
(once a week) and had been instructed to follow the same
post-treatment regimen described for the PRP + HA
group.

The procedure followed was in accordance with the
Declaration of Helsinki, and informed written consent was
obtained from each patient.

Date are reported as mean & SD for continuous mea-
sures, and as frequencies and percentage for dichotomous
and categorical variables. The two-sample Student’s ¢ test
was used to compare continuous variables, when the dis-
tribution of data was normal; the Wilcoxon’s rank sum test
was used otherwise. The 7> test was used to evaluate
associations between categorical data. The significance
level was determined at p < 0.05.

Results

Forty patients suffering from mild-to-moderate KOA were
enrolled in both groups. At baseline, no significant demo-
graphic and clinical differences were observed among
groups (Table 1). In the participants treated with
PRP + HA (Table 2) and with PRP only (Table 3), VAS
scores, both at rest and during activities, decreased
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Table 1 Demographic and clinical data of enrolled patients at
baseline

PRP + HA PRP p value

Age (years) 567 £ 112 609 £ 9 0.1

M/F ratio 31:9 21:19

BMI 237 +£2 24116 03
Symptoms duration (months) 11.4 £+ 5.3 10.1 £46 0.2
Knee side (R:L) 22:18 27:13

K-L IL:III 23:17 19:21

VAS at rest 29+22 31+24 0.5
VAS during activities 63 +2 6.3 £ 2.6 0.9
KOOS 60.7 + 14.7 535+ 163 0.3
NSAIDs (no. of patients) 15 13

Tablets/weeks 1.6 £ 0.6 1.7 £ 0.6 0.7

significantly, and accordingly, knee function (KOOS)
improved throughout the whole length of the study.

Weekly NSAID consumption at 6 months was signifi-
cantly reduced. In the PRP + HA group, the patients
receiving NSAIDs were 37.5 % (15/40) at baseline and
only 12.5 % (5/40) at 6 months, with a weekly tablet
consumption which passed from 1.6 £ 0.6 to 1.4 £ 0.5. In
the PRP-only group, the figures were 32.5 % (13/40) ver-
sus 10 % (4/40), and 1.7 £ 0.6 versus 1 + 0, at baseline
and after 6 months, respectively. The articular effusion/
synovial inflammation evaluated by means of US was also
reduced (baseline: 8 and 6 knees in the PRP + HA and
PRP only, respectively; 6 months: 4 and 3 knees in the
PRP + HA and PRP only, respectively). At the end of the
study, 82 % (PRP + HA) and 77 % (PRP only) of patients
were extremely/very satisfied from the treatment.

The infra-group comparison (PRP + HA vs PRP only)
did not show any significant difference between groups in
all the clinical evaluations during the different follow-up
periods (Figs. 1, 2, 3). In both groups, mild adverse events

limited number of patients (2 and 3 in the PRP + HA and
PRP-only group, respectively). These effects lasted less
than 24-48 h and did not require the use of any medication.

Discussion

This study shows that the association of PRP + HA is
effective and safe in the treatment for patients suffering
from mild-to-moderate KOA. Indeed, at 6 months, the
VAS pain score, both at rest and during activities, sub-
stantially decreased, whereas knee function (KOOS) was
clearly improved. The use of NSAIDs (number of patients
and tablets/week) and joint inflammation were also
reduced, while side effects were mild and present in a very
low number of participants.

Similar findings have been observed also in the cohort of
patients retrospectively enrolled, with comparable clinical
and demographic characteristics, and treated beforehand in
this Unit with 4-5 of PRP only.

These positive clinical results can be related to the
ability of both PRP and HA to regulate various healing
mechanisms into the joint [3]. Several experimental
researches have clearly demonstrated that the release of
signaling proteins (including growth factors and chemoki-
nes) present into PRP can positively influence tissue
regeneration [3, 12, 13]. Indeed, these molecules can
modulate the inflammatory response, induce cell migration
and proliferation, and regulate angiogenesis and cell dif-
ferentiation, thus interfering with the catabolic microenvi-
ronment in OA joints. Moreover, it has been observed that
PRP is able to stimulate migration and differentiation of
human subchondral cells into chondrocytes highlighting
the consequences of manipulating the biological milieu [3,
12, 13].

The ability to improve joint homeostasis has been also

after injection (pain, heat, redness) were observed in a very =~ demonstrated for HA. Beside its role in
Ff[:lllbol :v—zupclznl;(l?ll) (}ftia{iuring VAS rest VAS activities p KOOS p
patients Baseline 29 £22 63 +2 60.7 &+ 14.7
1 month 2+21 0.008 46 +24 0.000 61.8 + 18.5 0.68
3 months 1.7+2 0.001 42+ 2.1 0.000 66.7 + 16.4 0.01
6 months 1.3+ 1.1 0.000 36 £ 1.5 0.000 67 + 12.7 0.009
;[I;?abflgll?:) w(?llllglicr?lP(l?It’ap(zi:tlir;Ei VAS rest P VAS activities p KOOS p
Baseline 3.1 +24 63 £2.6 53.5 £ 16.3
1 month 1.9 £ 2.1 0.001 46 +£23 0.000 59.6 + 133 0.007
3 months 1.9+ 1.5 0.001 41 +22 0.000 61.3 £ 123 0.001
6 months 1.6 £19 0.000 38+24 0.000 65.5 + 14.6 0.000
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Fig. 3 Comparison between groups: KOOS and follow-up (white
PRP + HA; gray PRP)

viscosupplementation (HA substitution), basic research,
performed in different OA animal models, has shown that
HA is provided with several pleiotropic signaling proper-
ties (immunosuppressive, anti-inflammatory, anti-apop-
totic, anti-angiogenic, anti-fibrotic and analgesic effects,
with normalization of endogenous HA synthesis) [14].
These observations are in agreement with several clin-
ical trials where PRP or HA used separately showed a very
large treatment effects for knee pain and function com-
pared to pre-injection values [5, 6]. In the few studies
where the two agents were compared, PRP showed better
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results than HA in patients with mild-to-moderate KOA at
6- to 12-month follow-up [15-17].

This experimental protocol adds information about the
utility of the association of PRP + HA. In particular, the
equivalence of positive results obtained in the two study
groups deserves some considerations. Actually, it must be
underlined that the PRP volume used for PRP-only group
was almost twofold compared to the PRP + HA group
(4-5 vs. 2 ml). On the basis of this observation, we may
infer that the mechanisms exerted by PRP and HA might be
additive when both products are injected together without
altering their original relevant characteristics. As a matter
of fact, the compound here proposed provides, in a single-
step closed system, an immediate formation of a cell-
friendly HA network in which platelets are dispersed. It is
conceivable that HA increases the residence time of the
growth factors and facilitates their release to reach the
target by creating a pericellular bioactive scaffold around
the cells. The molecular diffusion and the proteins’ pre-
sentation to their receptors located in the cytoplasmic
membrane of the target competent cell could be therefore
facilitated.

So, the signaling molecules released from PRP could
change easier the secretory pattern of synovial cells,
responsible of more favorable biological conditions within
the joint.

Recent experimental studies support these assumptions.
For example, in co-culture models (synovial cells and
chondrocytes), it has been observed that TNF-o production
was decreased using both PRP and HA, while IL-6 and
metalloproteinases were decreased only in HA and PRP
cultures, respectively, suggesting that these agents influ-
ence inflammation through different mechanisms [18].
Further basic research, aiming to evaluate the PRP poten-
tial to induce tendon cells and synovial fibroblasts migra-
tion and to examine whether the combination of PRP with
HA improves their motility in vitro, showed that PRP
stimulated the migration of fibroblasts, as well as HA, but
this effect was more prominent when HA was combined
with PRP (+335 %) [19]. In another experimental study,
cartilage defects filled with scaffolds made of HA and PRP
showed better histological results at 6 months, compared
with HA alone, being filled by a repair tissue with some
features of hyaline cartilage [20]. In addition, the idea of
positive interactions between HA and PRP is also sup-
ported by an elegant experiment in mice where HA, sta-
bilizing some growth factors (i.e., bone morphogenetic
protein 2), enhanced the reparative processes [21]. These
experiments taken together suggest that the association of
HA and PRP can influence and facilitate the cells division,
migration, and differentiation; this is relevant since mes-
enchymal stem cells have been identified in the synovium
and in the synovial fluid.
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Currently, no clinical studies in the treatment for OA
support these basic experiments. However, excellent results
of the PRP 4+ HA association have been reported in the
healing of pressure ulcers and surgical wounds, and in
Morton neuroma surgery [7-9], but these anecdotal find-
ings need confirmation by controlled trials.

Apart from the clinical results, this study demonstrated
that the association of PRP + HA is safe. Indeed, mild and
very short-lasting side effect (pain, heat, redness) have
been observed and positively treated in a very limited
number of patients. Their onset could be ascribed to the
presence of the pro-inflammatory molecules in the PRP
and/or to the characteristics of HA itself [13]. This is
particularly true in knees where an effusion and/or syn-
ovitis was already detectable, as observed at the US
examination in these patients.

The present study suffers some limitations. It is a ret-
rospective observational trial including a limited number of
patients with a short follow-up period (6 months). A pla-
cebo effect, which usually ranges 15-30 %, cannot be
ruled out. In addition, arthrocentesis can be considered as a
form of symptomatic treatment per se as the altered
inflammatory synovial fluid is removed. Moreover, because
several patients may get better with non-pharmacological
treatments (patient education, weight loss, exercise), this
bias should be avoided. More importantly, given that it is
unknown what of the two components plays a major role,
future studies should be performed to compare three
patients groups, treated with HA, PRP, and the association,
respectively. This could allow to state whether the added
autologous plasma with platelets enhances the therapeutic
activity of HA used alone. Assuming that we target syn-
ovial cells and mesenchymal stem cells from the synovial
niche, the ability to understand and control the factors that
play a role in the therapeutic effect of this association shall
guide the optimization and design of the combination [i.e.,
optimal ratio, molecular weight of HA (low or high
molecular weight), optimal PRP formulation, volumes]. In
conclusion, the association of PRP and HA is effective and
safe in the management of patients suffering from mild-to-
moderate KOA. However, these findings need confirmation
by controlled trials with a larger number of patients and
longer follow-up period.
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