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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  I.

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 

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 IA 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 

 *	 Gökay Görmeli 
	 ggormeli@gmail.com

1	 Department of Orthopedics and Traumatology, Turgut Ozal 
Medical School, Inonu University, Malatya, Turkey

2	 Department of Radiology, Turgut Ozal Medical School, 
Inonu University, Malatya, Turkey

3	 Department of Orthopedics and Traumatology, Gazi 
University, Ankara, Turkey

4	 Department of Biostatistics, Turgut Ozal Medical School, 
Inonu University, Malatya, Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-015-3705-6&domain=pdf


	 Knee Surg Sports Traumatol Arthrosc

1 3

not effective for severe OA [33]. Oral supplements, such 
as glucosamine and chondroitin sulphate, have not been 
shown to be clearly effective for the treatment of OA and 
cannot be considered the most ideal treatment agents for 
OA [33]. Intraarticular (IA) steroid injections have short-
term effects on knee pain and disability and negative effects 
on knee structures [23, 24]. The IA administration of hya-
luronic acid (HA) has yielded favourable results in many 
studies and has been widely applied in clinical practice. 
Synovial fluid, a lubricant for articular surfaces, reduces 
surface stress and plays an important role in the move-
ment of chondronutritive substances from the synovia [20, 
21]. Finally, although many treatment options are avail-
able, none are considered ideal for OA. As these treatment 
options do not change the natural course of the disease, 
we investigated the clinical effects of a new method with 
promising results for altering the natural history of OA and 
compared it with a traditional treatment method.

Platelet-rich plasma (PRP) is an autologous blood prod-
uct that contains an increased concentration of platelets and 
is used in orthopaedic and sports medicine practices to treat 
bone, tendon and ligament injuries [15, 28]. Additionally, 
PRP injections represent a treatment option for cartilage 
injuries and OA [8, 13]. Despite the promising preclinical 
results and wide clinical interest in orthopaedic and sports 
medicine, many unanswered questions regarding the clini-
cal application and efficacy of PRP remain. There is a lack 
of clarity regarding the number and frequency of injections 
for proper effectiveness as well as the ideal treatment for 
different stages of gonarthrosis (from cartilage injury to 
advanced OA). Randomized clinical trials in limited num-
bers have compared PRP with HA and sham treatments and 
have demonstrated that IA PRP injection improves clinical 
signs [4, 18, 25]. To our knowledge, there is no prospective 
randomized study in the literature comparing single and 
multiple PRP injections and HA injections in the knee for 
pathologies ranging from early degeneration to OA.

The primary aim of this study was to explore the clini-
cal effects of PRP for OA and to compare the results with 
a traditional IA HA injection therapy. The secondary aim 
of this study was to explore the ideal number of PRP injec-
tions required for different stages of OA.

It was hypothesized that treatment with PRP would lead 
to improvements in knee scores due to the release of GFs 
and bioactive molecules that would possibly affect the 
degenerated knee.

Materials and methods

This study was designed as a double-blind, randomized, 
placebo-controlled trial with 4 groups and 4 treatment 
methods (the PRP3 group, receiving 3 IA PRP injections; 

the PRP1 group, receiving 1 PRP injection and 2 saline 
injections; the HA group, receiving 3 HA injections and 
the control group, receiving 3 saline injections). Volunteer 
participants were blinded, subjected to a standardized IA 
injection protocol and assessed by EuroQol visual analogue 
scale (EQ-VAS) which is a simple, validated and com-
monly used patient-administered method that assesses pain 
intensity and International Knee Documentation Commit-
tee (IKDC) subjective scores before the treatment and at 
the 6-month follow-up. IKDC subjective evaluation form is 
a commonly used form that detects improvement in func-
tion and symptoms for knee disorders. The form has three 
domains: knee symptoms including seven items; sports and 
daily activities with ten items; and current knee function 
with one item. Scores for each item are summed to give a 
total score. The total score is calculated as (sum of items)/
(maximum possible score) × 100, to give a total score of 
100. Possible score ranges 0–100, where 100 means with 
the absence of symptoms and no limitation for daily or 
sporting activities. The adverse effects and patient satisfac-
tion were recorded as well [11].

Patient selection

From January to September 2013, 250 consecutive 
patients (152 women and 98 men) who had a history of 
chronic (>4  months) pain or swelling radiographically 
documented grades I to IV gonarthrosis (graded accord-
ing to the Kellgren–Lawrence classification scale for tibi-
ofemoral joint degeneration) were enrolled. The exclusion 
criteria included previous lower extremity surgery, sys-
temic disorders (diabetes, rheumatic diseases, severe car-
diovascular diseases, haematological diseases, infections), 
patients with generalized OA, patients undergoing anti-
coagulant or antiaggregant therapy, the use of NSAIDs 
in the 5  days before injection, patients with haemoglo-
bin values less than 11 g/dL and platelet values less than 
150,000/mm3.

The radiographic examination of the volunteers included 
radiographs of the lower limbs under loading and roent-
genograms of the affected knee in the anteroposterior 
(full extension) and lateral (30-degree flexion) positions. 
For the patients classified as grade 0 based on the Kell-
gren–Lawrence classification, magnetic resonance imaging 
(MRI) was performed to assess chondral degeneration. The 
patients without cartilage changes on MRI were excluded. 
In the patients with bilateral symptoms, only the side with 
significant symptoms was taken into consideration. The 
injections were postponed for the randomization.

When the number reached a total of 182 participants 
who met the inclusion criteria, the patients were randomly 
assigned into four groups by a computer-derived proto-
col. Then, the patients were returned to the clinic for the 
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injections. There were 46 patients in the PRP3 group and 
45 patients in the PRP1 group. The 46 patients receiving 3 
HA injections formed the HA group, and the remaining 45 
patients were in the control group. Then, to determine the 
effect of the OA grade on the knee scores, each group was 
subdivided into two groups according to the Kellgren–Law-
rence classification: early OA (Kellgren–Lawrence grade 0 
with cartilage degeneration or grade I to III) and advanced 
OA (Kellgren–Lawrence grade IV) (Fig. 1).

The group assignments were only accessible to the study 
assistant and were concealed from the patients and the 
researchers in the study. A total of 162 of the 182 partici-
pants were prospectively evaluated at 6-month follow-ups. 
The mean age was 53.5 ± 13.4 (ranging from 27 to 84), and 
the mean body mass index was 29.1 ± 4.3 (ranging from 
19.8 to 38). Ninety (55.6 %) of the patients were women 
and 72 (44.3 %) were men. Of the patients who were not 
evaluated, six declined treatment with injection therapy 

during the first clinical meeting, two underwent total knee 
replacement and 14 were lost to follow up. The randomi-
zation ensured that the baseline characteristics of the four 
groups were comparable with respect to age, gender and 
body mass index (BMI) (Table 1).

PRP preparation

The PRP specimens were collected as described by Filardo 
et  al. [8] from all the participants. A total of 150  mL of 
venous blood (collected in a bag containing 21  mL of 
sodium citrate) was collected under aseptic conditions from 
the antecubital vein. Additionally, a peripheral blood count 
was obtained. To collect 20 mL of PRP, two centrifugations 
(the first at 1500 rpm for 6 min and the second at 3500 rpm 
for 12  min) were performed. The PRP unit was divided 
into 4 small units of 5  mL each: 1 unit was sent to the 
laboratory for a platelet count as well as concentration and 

Assessed for eligibility (n=250)Enrollment

Excluded(n:68)

Allocated to receive PRP 
inj. 3 times (n:46)
-Received allocated
intervention (n:44)
-Did not receive allocated
intervention (n:2)

Allocated to receive PRP
inj. 1 time  (n=45)
-Received allocated
intervention (n:45)
-Did not receive allocated
intervention (n:0)

Allocated to receive HA inj.
3 times (n:46)
-Received allocated
intervention (n:44)
-Did not receive allocated
intervention (n:2)

Allocated to control group 
(n:45)
-Received allocated
intervention (n:43)
-Did not receive allocated
intervention (n:2)

Randomized (n:182)

Lost to follow-up (n:5)
Discontinued intervention 
(n:0)

Lost to follow-up (n:1)
Discontinued intervention 
(n:0)

Lost to follow-up (n:5)
Discontinued intervention 
(n:0)

Lost to follow-up (n:3)
Discontinued intervention 
(n:0)

Analyzed (n:39) Analyzed (n:44) Analyzed (n:39) Analyzed (n:40)

Allocation

Follow-up

Analysis

Early OA (n:26)
Advanced OA (n:13)

Early OA (n:30)
Advanced OA (n:14)

Early OA (n:25)
Advanced OA (n:14)

Early OA (n:27)
Advanced OA (n:13)

Subgroups

Fig. 1   Flow diagram of the study. n Number of patients, OA osteoarthritis, PRP platelet-rich plasma, HA hyaluronic acid
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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.) (PRP3 
group: concentration factor of 5.2× (1118,000 µL); PRP1 
group: concentration factor of 5.3× (1152,000 µL); n.s.).

The injections were administered every 7 days in all the 
groups. In the PRP3 and PRP1 groups, 1 mL of CaCl2 was 
added to activate the platelets. For the second and third 
injections in the PRP3 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 

Table 1   Comparison of patient 
characteristics of groups

The groups were homogeneous

OA Osteoarthritis, n.s. non-significant

Patients PRP3 PRP1 HA Control

Number of Cases 39 44 39 40 n.s.

Age (years) 53.7 ± 13.1 53.8 ± 13.4 53.5 ± 14 52.8 ± 12.8 n.s.

Body mass index 
(kg/m2)

28.7 ± 4.8 28.4 ± 4.4 29.7 ± 3.7 29.5 ± 3.2 n.s.

Sex

 Women 23 (58.9 %) 25 (56.8 %) 22 (56.4 %) 20 (50 %) n.s.

 Men 16 (41%) 19 (43.2 %) 17 (43.5 %) 20 (50 %) n.s.

Pathology

 Early OA 26 (66.7 %) 30 (68.1 %) 25 (64.1 %) 27 (67.5 %) n.s.

 Advanced OA 13 (33.3 %) 14 (31.8 %) 14 (%35.8) 13 (32.5 %) n.s.
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groups compared with the control group at the 6-month fol-
low-up (p < 0.05). Further analysis showed that the PRP3 
group had significantly better results than the PRP1 and 
HA groups (PRP3 vs. PRP1, p = 0.001, and PRP3 vs. HA, 
p = 0.001). However, no significant differences were found 
between the PRP1 and HA groups (PRP1 vs. HA, n.s.). The 
results are summarized in Table 2 and Fig. 2.

For the early OA subgroups, significantly better results 
were found for all the treatment groups compared with 

the control group (p  <  0.005). PRP3 showed a significant 
improvement compared with the PRP1 and HA groups 
(p  =  0.001), and there were no significant differences 
between the PRP1 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 PRP3, PRP1 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-
isfied, 12.8 % were partially satisfied, and 10.3 % were not 
satisfied in the PRP3 group. In the PRP1 group, 72.7 % of 
the patients were satisfied, 18.2 % were partially satisfied, 
and 9.1 % were not satisfied. In the HA group, 64.1 % of 
the patients were satisfied, 23.1 % were partially satisfied, 
and 12.8 % were not satisfied at the end of the procedure. 
In the control group, 5  % of the patients were satisfied, 
15 % were partially satisfied, and 80 % were not satisfied 
with the IA injection procedure. According to these results, 
patients in the PRP3, PRP1 and HA groups were more sat-
isfied than those in the control group; however, the differ-
ences between the three groups were not significant (n.s.).

Discussion

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 
patients with knee degeneration. However, the significant 
decrease in knee scores at the 6-month follow-up con-
firms that the treatment is only effective for a short time, as 
described by Bellamy et al. [2].

One area of cartilage regeneration research is focused on 
PRP, which is the plasma component in whole blood that 
is processed to contain a higher concentration of platelets 
with growth factors [16, 17]. Many in  vitro studies have 
suggested that PRP may act as a stem cell growth promoter 
and chondrogenic differentiator [29, 32]. Animal studies 

Table 2   EQ-VAS scores and IKDC subjective scores at basal and 
6-month evaluations

All groups achieved significantly better clinical scores when com-
pared to control group
a  No difference between all basal scores (p > 0.05)
b  Significantly better results than PRP1 and HA groups at 6-month 
follow-up results (p < 0.05)
c  No significant difference between HA group at 6-month follow-up 
results (p > 0.05)
d  No significant difference between PRP1 group at 6-month follow-
up results (p > 0.05)

PRP3 PRP1 HA Control

EQ-VAS

 Basal 50.3 ± 5.2a 50.3 ± 5.8a 50.5 ± 4.6a 50.2 ± 4.5a

 6 months 71.4 ± 10.8b 62 ± 6.3c 60.8 ± 7.2d 48 ± 5.1

IKDC

 Basal 40.4 ± 5a 41.2 ± 6.1a 40.6 ± 4.5a 40.4 ± 4.3

 6 months 60.8 ± 9.8b 50.2 ± 6.7c 48.4 ± 6.2d 36.5 ± 4.8

0

10

20
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40

50

60

70

80

90

Basal 6 Months Basal 6 Months

PRP3

PRP1

HA

CONTROL

Fig. 2   All treatment groups had significantly higher results than con-
trol group (p  < 0.05). PRP3 group had significantly better results at 
6-month evaluation. No difference was found between PRP1 and HA 
group at follow-up results (p > 0.005)
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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.

Table 3   EQ-VAS scores at basal and 6-month evaluations in different knee degeneration degrees

a  No difference between all basal scores (p < 0.05)
b  Patients with early OA achieved significantly higher results in PRP3 group than PRP1 and HA groups (p < 0.005)
c  Patients with early OA showed no significant difference in PRP1 and HA groups (p > 0.05)
d  No significantly difference was found between PRP3, PRP1 and HA groups in patients with advanced OA (p > 0.05)
e  All treatment groups had significantly better results when compared with control groups (p < 0.005)

PRP3 PRP1 HA Control

EQ-VAS basal Early OA 50.6 ± 4.5a (48.7–52.4) 49.3 ± 5.5a (47.2–51.4) 50.8 ± 4.8a (48.7–52.8) 50.3 ± 4.9a (48.3–52.2)

Advanced OA 49.8 ± 6.5a (45.9–53.7) 52.5 ± 5.8a (49.2–55.9) 50.1 ± 4.2a (47.6–52.6) 50 ± 3.9a (47.6–52.3)

EQ-VAS 6 months Early OA 78.2 ± 4.9b (76.2–80.2) 64.7 ± 5c (62.8–66.6) 64 ± 6c (61.5–66.5) 48.4 ± 5.1e (46.4–50.4)

Advanced OA 57.8 ± 4.2d (55.2–60.4) 56.4 ± 5.1d (53.4–59.4) 55.1 ± 5.4d (52–58.2) 47.2 ± 5e (44.1–50.2)

Table 4   IKDC subjective scores at basal and 6-month evaluations in different knee degeneration degrees

a  No difference between all basal scores (p < 0.05)
b  Patients with early OA achieved significantly higher results in PRP3 group than PRP1 and HA groups (p < 0.005)
c  Patients with early OA showed no significant difference in PRP1 and HA groups (p > 0.05)
d  No significantly difference was found between PRP3, PRP1 and HA groups in patients with advanced OA (p > 0.05)
e  All treatment groups had significantly better results when compared to control groups (p < 0.005)

PRP3 PRP1 HA Control

IKDC basal Early OA 40.3 ± 4.2a (38.6–42.1) 40.9 ± 5.8a (38.7–43.1) 40.8 ± 4.9a (38.7–42.8) 40.6 ± 4.7a (38.7–42.5)

Advanced OA 40.4 ± 6.5a (36.5–44.4) 42 ± 7.1a (37.9–46.1) 40.4 ± 3.7a (38.2–42.6) 40 ± 3.6a (37.7–42.2)

IKDC 6 months Early OA 66.9 ± 4.9b (64.9–68.9) 52.4 ± 6.3c (50–54.7) 50.7 ± 5.6c (48.4–53) 36.6 ± 5.4e (34.4–38.8)

Advanced OA 48.6 ± 3.7d (46.3–50.9) 45.5 ± 5d (42.6–48.4) 44.4 ± 5.3d (41.3–47.5) 36.3 ± 3.5e (34.1–38.4)
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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 has some limitations, including the short-
term follow-up period. The patients that have been 
included into this study have been evaluated at a maxi-
mum of 6-month follow-up as the viscosupplementation 
therapy could only be repeated after some time, and a 
different treatment option might have been needed for 
OA patients. In this study, a high number of patients were 
lost (20 of 182 participants) at follow-up. However, the 
162 remaining patients were still acceptable according to 
our power analysis, which required a sample size of 140 
individuals in total and 35 per arm. Additionally, longer 
follow-ups without additional treatment could have led to 
a loss of patients from the study. Radiographic follow-up 
methods may be used to evaluate cartilage degeneration; 
however, this evaluation could not be conducted due to 
ethical issues and financial costs. Another weakness of 
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.

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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