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Multiple PRP injections are more effective than single injections
and hyaluronic acid in knees with early osteoarthritis: a
randomized, double-blind, placebo-controlled trial
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Abstract

Purpose To compare the effectiveness of intraarticular
(IA) multiple and single platelet-rich plasma (PRP) injec-
tions as well as hyaluronic acid (HA) injections in different
stages of osteoarthritis (OA) of the knee.

Methods A total of 162 patients with different stages of
knee OA were randomly divided into four groups receiv-
ing 3 TA doses of PRP, one dose of PRP, one dose of HA
or a saline injection (control). Then, each group was subdi-
vided into two groups: early OA (Kellgren—Lawrence grade
0 with cartilage degeneration or grade I-III) and advanced
OA (Kellgren-Lawrence grade IV). The patients were
evaluated before the injection and at the 6-month follow-
ups using the EuroQol visual analogue scale (EQ-VAS)
and International Knee Documentation Committee (IKDC)
subjective scores. Adverse events and patient satisfaction
were recorded.

Results There was a statistically significant improve-
ment in the IKDC and EQ-VAS scores in all the treatment
groups compared with the control group. The knee scores
of patients treated with three PRP injections were signifi-
cantly better than those patients of the other groups. There
was no significant difference in the scores of patients
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injected with one dose of PRP or HA. In the early OA sub-
groups, significantly better clinical results were achieved in
the patients treated with three PRP injections, but there was
no significant difference in the clinical results of patients
with advanced OA among the treatment groups.
Conclusion The clinical results of this study suggest
IA PRP and HA treatment for all stages of knee OA. For
patients with early OA, multiple (3) PRP injections are
useful in achieving better clinical results. For patients
with advanced OA, multiple injections do not significantly
improve the results of patients in any group.

Level of evidence 1.

Keywords Hyaluronic acid - Intraarticular injection -
Knee osteoarthritis - Platelet-rich plasma

Introduction

The incidence of articular cartilage pathology is increas-
ing because of the increase in sports activities and the
prominence of physical activities in all age groups [6, 31].
Because of the continued increase in the mean age of the
active population, OA is the most common degenerative
joint disorder found in elderly individuals, and it has a sig-
nificant effect on society [3, 9].

OA is a major cause of pain and disability and is det-
rimental to quality of life. Many non-invasive treatment
options have been recommended to relieve symptoms and
extend the quality of life and years of athletic activity for
those with OA [13]. The treatment usually begins with non-
steroidal anti-inflammatory drugs (NSAIDs), which have
potential side effects that limit their use and lack clear data
about their clinical therapeutic potency [5, 33]. Topical
agents are widely used clinically for short-term use and are
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The groups were homogeneous

OA Osteoarthritis, n.s. non-significant

bacteriological tests, 1 unit was used for injection within
2 h, and the remaining 2 units were stored at —30 °C.

There was no significant difference in the total number of
platelets per millilitre between the PRP groups (n.s.) (PRP;
group: concentration factor of 5.2x (1118,000 uL); PRP,
group: concentration factor of 5.3x (1152,000 pL); n.s.).

The injections were administered every 7 days in all the
groups. In the PRP; and PRP, groups, 1 mL of CaCl, was
added to activate the platelets. For the second and third
injections in the PRP; group, the samples were thawed in
a dry thermostat at 37 °C for 30 min before administration.

In the HA group, 39 patients were treated with a high
molecular weight HA preparation [30 mg/2 mL, Orthovisc
(Anika Therapeutics Inc, Woburn, Massachusetts, USA)].
The treatment consisted of 3 injections of 2 mL once
weekly.

Treatment procedure and follow-up

The skin was sterilely dressed, and each injection was
administered by an unblinded physician using the supero-
lateral approach with a 22-g needle. The knee was immo-
bilized for 10 min after the injection, and the patient was
discharged after a 1-h observation with instructions to use
cold therapy on the affected area for pain relief. Physi-
cal activity was not limited; however, NSAIDs were not
allowed during the follow-up period. Paracetamol was pre-
scribed for discomfort.

The patients were evaluated before the injection and at
the 6-week, 3-month and 6-month follow-ups by the cli-
nician who was blinded to the patients and content of the
injections. The EQ-VAS (as recommended by the ICRS
evaluation package) and IKDC subjective scores were used
for the clinical evaluation. Adverse effects were recorded,
and patient satisfaction (satisfied, partially satisfied, not
satisfied) at the end of 6 months was evaluated.

All the participants provided written informed consent,
and the study was approved by the Inonu University, Turgut
Ozal Medical School, Malatya, Turkey Ethics Committee
(2013-171).

Statistical analysis

GPower software was used for the sample size estimation.
A sample size of 140 individuals in total (35 per arm) was
proposed to give 80 % power to detect an effect size of 0.8
(one-tail) between groups for continuous outcome vari-
ables. Anticipating protocol violators and early discontinu-
ations of 25 %, it was projected that 175 patients should be
included in the study.

The data were reported as the means & standard devia-
tions (SDs) or frequencies. Normality was confirmed using
the Shapiro—Wilk test. The quantitative data were com-
pared by one-way analysis of variance (ANOVA) followed
by the Bonferroni test when the variances were homog-
enous or the Tamhane T2 test when the variances were
non-homogenous. The qualitative data were analysed using
Pearson’s Chi-square test. In each group, the knee scores
at the 6-week, 3-month and 6-month follow-ups were com-
pared with repeated measures one-way ANOVA followed
by the Bonferroni test, and p < 0.05 values were consid-
ered significant. All the analyses were conducted with IBM
SPSS software, v. 22.0 for Windows.

Results

Six patients left during the first treatment because they
were unable to tolerate injection therapy and were therefore
excluded from the study for not beginning the treatment
protocol. There was a statistically significant improve-
ment in the IKDC and EQ-VAS scores in all the treatment
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Table 2 EQ-VAS scores and IKDC subjective scores at basal and
6-month evaluations

PRP; PRP,; HA Control

EQ-VAS
Basal 50.3 + 5.2
6 months 71.4 & 10.8°
IKDC
Basal 404 + 5°
6 months  60.8 & 9.8°

50.3+5.8 505 +4.6° 502445
62+6.3 608+ 7.2¢ 48 £5.1

412 +£6.1" 406 +4.5" 404 +43
502 +6.7° 4844629 365448

All groups achieved significantly better clinical scores when com-

I

Basal 6 Months Basal

6 Months

Fig. 2 All treatment groups had significantly higher results than con-
trol group (p < 0.05). PRP; group had significantly better results at
6-month evaluation. No difference was found between PRP, and HA
group at follow-up results (p > 0.005)

the control group (p < 0.005). PRP; showed a significant
improvement compared with the PRP; and HA groups
(p = 0.001), and there were no significant differences
between the PRP; and HA groups (n.s.) (Tables 3, 4).

For the advanced OA subgroups, significantly better
results were achieved for all the treatment groups compared
with the control group (p < 0.05). However, there were
no significant differences in the knee scores between the
advanced OA subgroups of the PRP;, PRP; and HA groups
at the 6-month follow-up (n.s.) (Tables 3, 4).

At the end of 6 months, 76.9 % of the patients were sat-

The most important finding of the present study was that
multiple PRP injections resulted in better clinical results,
particularly in patients with early OA. However, there was
no difference in the results between treatment methods
in the patients with advanced OA. One of the important
results of this study was that a single dose of PRP or HA
did not have a superior effect on the patients with early or
advanced OA.

Synovial fluid viscoelasticity that results from HA is
essential for normal joint function and acts as a lubricant
and shock absorber [1]. Some clinical studies and meta-
analyses have demonstrated satisfactory results with IA HA
treatment, whereas others found no differences compared
with placebo groups [2, 10, 14, 30]. In this study, signifi-
cant improvements were observed in the HA group, sug-
gesting that IA HA treatment is an effective treatment for
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have shown different PRP treatment results. In a study
that utilized an anterior cruciate ligament-transected rab-
bit model, the authors reported that PRP-treated rabbits had
significantly decreased progression of OA [26].

A few prospective studies have been designed to evalu-
ate the effectiveness of PRP on knee degeneration and have
obtained statistically significant improvements in all the
clinical scores at the end of therapy [7]. However, a limi-
tation of these studies was the lack of a control group. In
contrast to improved results, some prospective studies have
concluded that PRP does not affect outcomes [12, 22]. In a
randomized, double-blind study with a control group, Patel
et al. [25] concluded that single or double PRP injections in
knees with mild or moderate OA produced improved scores
compared with those resulting from saline injections. How-
ever, the patients treated with two injections may have
known that they were not in the control group. We tried to
avoid such bias by administering an equal number of injec-
tions to all the patients. To our knowledge, only a few pro-
spective studies were designed to evaluate the effectiveness
of PRP and the superiority of HA and PRP treatment for
knee degeneration [4, 13, 27]. These well-designed stud-
ies concluded that PRP injections showed better clinical
results than HA injections; however, there are limitations in
the studies. These studies did not have control groups and

did not include randomization, except the study by Cerza
et al. [4]. To address these limitations, a control group was
included into the study. Injections were postponed, and
patients were randomly divided into groups prior to injec-
tion therapy; then, patients were asked to return for injec-
tion therapy.

Although a significant decrease in knee scores was
recorded within 6 months following the treatment, it has
been hypothesized that IA PRP and HA treatment would be
beneficial in patients with all stages of OA. In patients with
early OA, significantly better clinical results were obtained
with multiple PRP injections; it is hypothesized that multi-
ple PRP injections for these patients would yield an effec-
tive treatment method. Unlike previous studies [13, 25],
this study has revealed no significant difference between
single PRP injections and HA injections in patients with
early OA.

Patel et al. [25] concluded that a single dose of PRP is as
effective as a double dose. Our study confirms this conclu-
sion only for patients with advanced OA, as no difference
between treatment methods has been found. Multiple injec-
tions are unnecessary for patients with advanced OA. These
results may provide guidance with respect to treatment pro-
tocols because there is currently no consensus regarding
treatment methods.
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The better clinical results observed in patients with a
lower degree of cartilage injury could be explained by
a high response to GFs by less degenerated joints with a
higher percentage of living and vital cells. Despite the sig-
nificantly better results in the advanced OA group com-
pared with the control group, the lack of a significant differ-
ence between the treatment options for this group supports
this theory. In this study, patient scores in the control group
worsened over time, indicating that patients with OA need
to be treated with effective methods to avoid discomfort
and further disability.

PRP and HA may influence joint homoeostasis by
reducing synovial membrane hyperplasia and modulat-
ing the cytokine level. This mechanism temporarily leads
to an improved clinical outcome without affecting the
cartilage tissue structure [19]. Despite declining clinical
outcomes, the significantly better results associated with
multiple IA PRP injections in patients with early OA sug-
gest that further experimental studies should be conducted
on this issue. The differences between multiple and sin-
gle PRP injections with respect to the effects on cellular
mechanism should be clearly explored. Even if multiple
injections showed no different effects from those of single
injections at the cellular level, the clinical efficacy of mul-
tiple injections is obvious. Determining the most appropri-
ate time for additional injections is important in the plan-
ning of future treatments.

this study is that image guidance was not used to ensure
the location of the needle in the knee joint. Ideally, the
present investigation would have been conducted through
a multicentre study; however, it has been predicted that
it would be difficult to optimize the treatment protocols
for all the centres. Not optimizing the treatment protocols
would affect the reliability of the study and would have
decreased the value of the study; thus, we performed a
single-centre study.

) Springer

Conclusion

The clinical results indicate that IA PRP and HA treatment
is suggested for all stages of knee OA. For patients with
early OA, multiple (3) PRP injections are useful in achiev-
ing better clinical results. For patients with advanced OA,
multiple injections are unnecessary and do not significantly
affect patient knee scores.
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